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Novel adenovirus-derived viral vectors, the preparation thereof, 
and the use thereof in gene therapy, are disclosed. 



Sacil 



(57) Abrege 

La presente invention concerne de nouveaux vecteurs viraux 
denves des adenovirus, leur preparation et leur utilisation en therapie 
g6aique. 
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VECTEURS ADENOVIRAL DEFECTIFS ET UTILISATION EN THERAPIE GENIQUE 

La pr&ente invention concerne de nouvcaux vecteurs viraux, leur preparation 
et leur utilisation en thdrapie g&iique. Elle concerne dgalement les compositions 
pharmaceutiques contenant lesdits vecteurs viraux. Plus particulterement, la pr&ente 
invention concerne des adenovirus recombinants comme vecteurs pour la th&apie 
gdnique. 

La th&apie glnique consiste k corriger une deficience ou une anormalit£ 
(mutation, expression aberrante, etc) par introduction d'une information g£n£tique 
dans la cellule ou l'organe affects Cette information g&idtique peut Stre introduite soit 
in vitro dans une cellule extraite de l'organe, la cellule modifi£e 6tant alors r&ntroduite 
dans l'organisme, soit directement in vivo dans le tissu approprte. Dans ce second cas, 
difflrentes techniques existent, panni lesquelles des techniques diverses de transfection 
impliquant des complexes d'ADN et de DEAE-dextran (Pagano et al., J.ViroL 1 
(1967) 891), d'ADN et de prolines nucteaires (Kaneda et al., Science 243 (1989) 
375), d'ADN et de lipides (Feigner et al., PNAS 84 (1987) 7413), l'emploi de 
liposomes (Fraley et al., LBioLChem. 255 (1980) 10431), etc. Plus r&emment, 
l'emploi de virus comme vecteurs pour le transfert de g£nes est appani comme une 
alternative prometteuse k ces techniques physiques de transfection. A cet egard, 
difRrents virus ont 6t6 testes pour leur capacity k infecter certaines populations 
cellulaires. En particulier, les retrovirus (RSV, HMS, MMS, etc), le virus HSV, les 
virus ad£no-associ6s, et les adenovirus. 

Parmi ces virus, les adenovirus pr&entent certaines propriet^s int£ressantes 
pour une utilisation en th£rapie genique. Notamment, ils ont un spectre d'hote assez 
large, sont capables d'infecter des cellules quiescentes, ne s'integrent pas au genome de 
25 la cellule infectee, et n'ont pas €t& associes a ce jour a des pathologies importantes 
chez 1'homme. 

Les adenovirus sont des virus k ADN double brin lin&ire d'une taille de 36 kb 
environ. Leur genome comprend notamment une sequence inversee r6p6tee (TTR) k 
leur extr^mite, une sequence d'encapsidation, des g£nes precoces et des genes tardifs 
30 (Cf figure 1). Les principaux genes precoces sont les g£nes El (Ela et Elb), E2, E3 et 
E4. Les principaux g£nes tardifs sont les g£nes LI k L5. 

Compte tenu des proprietes des adenovirus mentionnees ci-dessus, ceux-ci 
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ont dtjk ete utilises pour le transfer! de genes in vivo. A cet effet, diflfcrents vecteurs 
derives des adenovirus ont ete prepares, incorporant difRrents gdnes (B-gal, OTC, a- 
1 AT, cytokines, etc). Dans chacune de ces constructions, I'adenovinis a et6 modifte de 
manure k le rendre incapable de replication dans la cellule infectie. Ainsi, les 
5 constructions decrites dans Tart ant&ieur sont des adenovirus deletes des regions El 
(Ela et/ou Elb) et eventuellement E3 au niveau desquelles sont ins^es les sequences 
d'ADN heterologue (Levrero et al., Gene 101 (1991) 195; Gosh-Choudhuiy et aL, 
Gene 50 (1986) 161). Neanmoins, les vecteurs dicrits dans Tart ant&ieur pr&entent 
de nombreux inconv&iients qui limitent leur exploitation en th£rapie g^nique. En 
10 particulier, tous ces vecteurs component de nombreux genes viraux dont Texpression 
in vivo n'est pas souhaitable dans le cadre d'une therapie genique. De plus, ces vecteurs 
ne permettent pas Incorporation de fragments d'ADN de tr£s grande taille, qui 
peuvent €tre necessaires pour certaines applications. 

La pr£sente invention permet de rem&Her k ces inconvenients. La pr&ente 
15 invention decrit en effet des adenovirus recombinants pour la therapie genique, 
capables de transferer de maniere efficace de 1'ADN (jusqu'4 30 kb) in vivo, d'exprimer 
k des niveaux eieves et de maniire stable cet ADN in vivo, en limitant tout risque de 
production de proteines virales, de transmission du virus, de pathogenicite, etc. En 
particulier, il a ete trouve qu*il est possible de reduire considerablement la taille du 
20 genome de I'adenovinis, sans empecher la formation d'une particule virale encapsidee. 
Ceci est surprenant dans la mesure ou il avait ete observe dans le cas d'autres vims, 
par exemple des retrovirus, que certaines sequences distributes le long du genome 
etaient necessaires pour une encapsidation efficace des particules virales. De ce fait, la 
realisation de vecteurs possfidant dimportantes deletions internes etait fortement 
25 limitee. La presente invention montre egalement que la suppression de 1'essentiel des 
gdnes viraux n'empeche pas non phis la formation d'une telle particule virale. De plus, . 
les adenovirus recombinants ainsi obtenus conservent, en depit des modifications 
importantes de leur structure genomique, leurs proprietes avantageuses de fort 
pouvoir infectieux, de stability in vivo, etc. 

30 Les vecteurs de 1'invention sont particulterement avantageux puisqu'ils 

permettent Incorporation de sequences d'ADN desirees de tres grande taille. II est 
ainsi possible d'inserer un gene d'une longueur superieure a 30 kb. Ceci est 
particulierement interessant pour certaines pathologies dont le traitement necessite la 
co-expression de plusieurs genes, ou l'expression de tres grands genes. Ainsi par 
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exemple, dans le cas de la dystrophic musculaire, il n'etait pas possible jusqu'& present 
de transferer TADNc correspondant au g£ne natif responsable de cette pathologie 
(g£ne de la dystrophine) en raison de sa grande taille (14 kb). 

Les vecteurs de l'invention sont egalement tr£s avantageux puisqu'ils 
5 possddent tres peu de regions virales fonctionnelles et que, de ce fait, les risques 
inherent* & hitilisation de virus comme vecteurs en therapie genique tels que 
rimmimog&iicitS, la pathogenicity la transmission, la replication, la recombinaison, etc 
sont fortement reduits voire supprimds. 

La pr&ente invention fournit ainsi des vecteurs viraux particulidrement 
10 adapts au transfert et a l'expression in vivo de sequences d'ADN ddsir&s. 

Un premier objet de la pr&ente invention concerne done un adenovirus 
recombinant defectif comprenant : 

- les sequences ITR, 

- une sequence permettant l'encapsidation, 
15 - une sequence d'ADN heterologue, 

et dans lequel : 

- le g£ne El est non fonctionnel et 

- au moins un des gfines E2, E4, L1-L5 est non fonctionnel. 

Au sens de la pr&ente invention, le terme "adenovirus defectif' designe un 
20 adenovirus incapable de se ripliquer de fa$on autonome dans la cellule cible. 
Generalement, le genome des adenovirus defectifs selon la pr&ente invention est done 
depourvu au moins des sequences necessaires i la replication dudit virus dans la cellule 
infectee. Ces regions peuvent etre soit elimin£es (en tout ou en partie), soit rendues 
non-fonctionnelles, soit substitutes par d'autres sequences et notamment par la 
25 sequence d'ADN heterologue. 

Les sequences inverses repetees (ITR) constituent l'origine de replication des 
adenovirus. Elles sont Iocalisees aux extremites 3' et 5' du genome viral (Cf figure 1), 
d'ou elles peuvent etre isolees aisement selon les techniques classiques de biologie 
moieculaire connues de l'homme du metier. La sequence nucleotidique des sequences 
30 ITR des adenovirus humains (en particulier des serotypes Ad2 et Ad5) est decrite dans 
la litterature, ainsi que des adenovirus canins (notamment CAV1 et CAV2). 



WO 95/02697 A W PCT/FK94/00851 



Concernant 1'adenovirus Ad5 par exemple, la sequence ITR gauche correspond k la 
region comprenant les nucleotides 1 a 103 du genome. 

La sequence d'encapsidation (egalement designee sequence Psi) est n6cessaire 
5 & Tencapsidation de l'ADN viral. Cette region doit done etre prdsente pour permettre la 
preparation d'adenovirus recombinants defectifs selon l'invention. La sequence 
d'encapsidation est localise dans le genome des adenovirus, entre ITER gauche (5 1 ) et 
le gdne El (Cf figure 1). Hie peut etrc isoiee ou synthdtis^e artificiellement par les 
techniques classiques de biologie mol&ulaire. La sequence nucldotidiques de la 
10 sequence d'encapsidation des adenovirus humains (en particulier des serotypes Ad2 et 
AdS) est decrite dans la litterature, ainsi que des adenovirus canins (notamment CAV1 
et CAV2). Concernant 1'adenovirus AdS par exemple, la sequence d'encapsidation 
correspond a la region comprenant les nucleotides 194 A 358 du genome. 

H existe diffgrents serotypes d'adenovirus, dont la structure et les propri&& 
15 varient quelque peu. Neanmoins, ces virus presentent une organisation genetique 
comparable, et les enseignements dterits dans la pr&ente demande peuvent etre 
ais^ment reproduits par Homme du metier pour tout type d'adenovirus. 

Les adenovirus de l'invention peuvent etre d'origine humaine, animale, ou 
mixte (humaine et animale). 
20 Concernant les adenovirus d'origine humaine, on prefere utiliser ceux classes 

dans le groupe C. Plus preferentiellement, parmi les differents serotypes d'adenovirus 
humain, on prefere utiliser dans le cadre de la pr&ente invention les adenovirus de 
type 2 ou 5 (Ad 2 ou Ad 5). 

Comme indique plus haut, les adenovirus de l'invention peuvent egalement 
25 etre d'origine animate, ou comporter des sequences issues d'adenovirus d'origine 
animale. La demanderesse a en effet montre que les adenovirus d'origine animale sont 
capables d'infecter avec une grande efficacite les cellules humaines, et qu'ils sont 
incapables de se propager dans les cellules humaines dans lesquelles ils ont ete testes 
(Cf demande ER 93 05954), La demanderesse a egalement montre que les adenovirus 
30 d'origine animale ne sont nullement trans-comptementes par des adenovirus d'origine 
humaine, ce qui eiimine tout risque de recombinaison et de propagation in vivo, en 
presence d'un adenovirus humain, pouvant conduire k la formation d*une particule 
infectieuse. L'utilisation d'adenovirus ou de regions d'adenovirus d'origine animale est 
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done particulierement avantageuse puisque Ies risques inherents a Utilisation de virus 
comme vecteurs en therapie g^nique sont encore plus faibles. 

Les adenovirus d'origine animale utilisables dans le cadre de la prdsente 
invention peuvent €tre d'origine canine, bovine, murine, (exemple : Mavl, Beard et al., 
5 Virology 75 (1990) 81), ovine, porcine, aviaire ou encore simienne (exemple : SAV). 
Plus particulierement, panni Ies adenovirus aviaires, on peut citer les serotypes 14 10 
accessibles & I'ATCC, comme par exemple les souches Phelps (ATCC VR-432), 
Fontes (ATCC VR-280), P7-A (ATCC VR-827), DBH-2A (ATCC VR-828), J2-A 
(ATCC VR-829), T8-A (ATCC VR-830), K-ll (ATCC VR-921) ou encore les 

10 souches rdffirencfes ATCC VR-831 i 835. Parmi les adenovirus bovins, on peut 
utiliser les diflKrents serotypes connus, et notamment ceux disponibles k I'ATCC (types 
1 k 8) sous les rtferencesATCC VR-313, 314, 639-642, 768 et 769. On peut 
egalement citer les adenovirus murins FL (ATCC VR-550) et E20308 (ATCC VR- 
528), Faddnovirus ovin type 5 (ATCC VR-1343), ou type 6 (ATCC VR-1340); 

15 Tadenovirus porcin 5359), ou les adenovirus simiens tels que notamment les 
adenovinis referencee a I'ATCC sous les numeros VR-591-594, 941-943, 195-203, 
etc. 

De preference, parmi les diflerents adenovirus d'origine animale, on utilise 
dans le cadre de l'invention des adenovirus ou des regions d'adenovirus d'origine 
20 canine, et notamment toutes les souches des adenovirus CAV2 [souche manhattan ou 
A26/61 (ATCC VR-800) par exemple], Les adenovirus canins ont fait Tobjet de 
- nombreuses etudes stiucturales. Ainsi, des cartes de restriction completes des 
adenovirus CAV1 et CAV2 ont ete decrites dans Tart anterieur (Spibey et al., J. Gen. 
Virol. 70 (1989) 165), et les gdnes Ela, E3 ainsi que les sequences ITR ont ete clones 
25 et sequences (voir notamment Spibey et al., Virus Res. 14 (1989) 241; Linne, Virus 
Res. 23 (1992) 119, WO 91/11525). 

Comme indique ci-avant, les adenovirus de la presente invention comportent 
une sequence d'ADN heterologue. La sequence d'ADN heterologue designe toute 
sequence d'ADN introduite dans le vims recombinant, dont le transfert et/ou 
30 Texpression dans la cellule cible est recherchde. 

En particulier, la sequence d'ADN heterologue peut comporter un ou 
plusieurs g£nes therapeutiques et/ou un ou plusieurs g£nes codant pour des peptides 
antigeniques. 
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Les genes therapeutiques qui peuvent ainsi etre transf&ds sont tout g£ne dont 
la transcription et Iventuellement la traduction dans la cellule cible g&igrent des 
produits ayant un effet therapeutique. 

n peut s'agir en particulier de gdnes codant pour des produits prot&ques 
5 ayant un effet therapeutique. Le produit prot^ique ainsi cod6 peut etre une protline, 
un peptide, un acide amind, etc. Ce produit prot&que peut etre homologue vis-a-vis de 
la cellule cible (c'est-&-dire un produit qui est normalement exprim6 dans la cellule 
cible lorsque celle-ci ne pr&ente aucune pathologie). Dans ce cas, 1'expression dHine 
proline permet par exemple de pallier une expression insuffisante dans la cellule ou 
10 1'expression d*une proline inactive ou faiblement active en raison d"une modification, 
ou encore de surexprimer ladite proline. Le g£ne therapeutique peut aussi coder pour 
un mutant d*une prot&ne cellulaire, ayant une stabilite accrue, une activity modifi£e, 
etc. Le produit protdique peut Sgalement etre h&frologue vis-i-vis de la cellule cible. 
Dans ce cas, une proteine exprim£e peut par exemple compl&er ou apporter une 
15 activite dificiente dans la cellule lui permettant de lutter contre une pathologie. 

Panni les produits therapeutiques au sens de la pr&ente invention, on peut 
citer plus particulfcrement les enzymes, les d£riv6$ sanguins, les hormones, les 
lymphokines : interleukines, interferons, TNF, etc (FR 9203120), les facteurs de 
croissance, les neurotransmetteurs ou leurs prfcurseurs ou enzymes de synthase, les 
20 facteurs trophiques : BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, NT3, NT5, etc; 
les apolipoprotfines : ApoAI, ApoATV, ApoE, etc (ER 93 05125), la dystrophine ou 
une minidystrophine (FR 9111947), les g£nes suppresseurs de tumeurs : p53, Rb, 
Rapl A, DCC, k-rev, etc (FR 93 04745), les genes codant pour des facteurs impliquds 
dans la coagulation : Facteurs YD, VET, DC, etc, 

25 Le g£ne therapeutique peut egalement etre un gene ou une sequence antisens, 

dont 1'expression dans la cellule cible permet de controler 1'expression de genes ou la 
transcription d'ARNm cellulaires. De telles sequences peuvent par exemple etre 
transcrites, dans la cellule cible, en ARN complementaires d'ARNm cellulaires et 
bloquer ainsi leur traduction en prot&ne, selon la technique decrite dans le brevet EP 

30 140 308. 

Comme indiqud plus haut, la sequence d'ADN hdterologue peut Egalement 
comporter un ou plusieurs genes codant pour un peptide antiglnique, capable de 
g£n£rer chez I'homme une rdponse immunitaire. Dans ce mode particulier de mise en 
oeuvre, Tinvention permet done la realisation de vaccins permettant d'immuniser 
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I'homme, notanunent contre des microorganismes ou des virus. U peut s'agir 
notamment de peptides antig&iiques sp^cifiques du virus d'epstein barr, du virus HIV, 
du virus de Thepatite B (EP 185 573), du virus de la pseudo-rage, ou encore 
spdcifiques de tumeurs (EP 259 212). 

5 G&i&alement, la sequence d'ADN h&£rologue comprend £galement des 

sequences permettant l'expression du gene tWrapeutique et/ou du g&ie codant pour le 
peptide antigenique dans la cellule infective. II peut s'agir des sequences qui sont 
naturellement responsables de l'expression du gene consid^re lorsque ces sequences 
sont susceptibles de fonctionner dans la cellule infectle. II peut egalement s'agir de 

10 sequences d'origine difftrente (responsables de l'expression d'autres proteines, ou 
meme synth&iques). Notamment, il peut s'agir de sequences promotrices de genes 
eucaryotes ou viraux. Par exemple, il peut s'agir de sequences promotrices issues du 
genome de la cellule que Ton desire infecter. De meme, il peut s'agir de s&juences 
promotrices issues du genome d'un virus, y compris ^adenovirus utilise. A cet £gard, 

15 on peut citer par exemple les promoteurs des genes E1A, MLP, CMV, RSV, etc. En 
outre, ces sequences d'expression peuvent etre modifies par addition de sequences 
d'activation, de regulation, etc. Par ailleurs, lorsque le gene ins€r6 ne comporte pas de 
sequences d'expression, il peut etre insure dans le genome du virus d&ectif en aval 
d'une telle sequence. 

20 Par ailleurs, la sequence d'ADN heterologue peut Egalement comporter, en 

particulier en amont du g£ne thdrapeutique, une sequence signal dirigeant le produit 
therapeutique synthetise dans les voies de secretion de la cellule cible. Cette sequence 
signal peut etre la sequence signal naturelle du produit therapeutique, mais il peut 
egalement s'agir de toute autre sequence signal fonctionnelle, ou d'une sequence signal 

25 artificielle. 

Comme indique ci-avant, les vecteurs de 1'invention possedent au moins Yun 
des genes E2, E4, L1-L5 non fonctionnel. Le g£ne viral considere peut etre rendu non 
fonctionnel par toute technique connue de I'homme du metier, et notamment par 
suppression, substitution, delation, ou addition d'une ou plusieurs bases dans le ou les 
30 genes consideres. De telles modifications peuvent etre obtenues in vitro (sur de l'ADN 
isol6) ou in situ , par exemple, au moyen des techniques du genie gen&ique, ou encore 
par traitement au moyen d'agents mutagenes. 

Parmi les agents mutagenes, on peut citer par exemple les agents physiques 
tels que les rayonnements 6nerg&iques (rayons X, g, ultra violet, etc.), ou les agents 
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chimiques capables de reagir avec differents groupements fonctionnels des bases de 
l'ADN, et par exemple les agents alkylants [ethylm&hane sulfonate (EMS), N-methyl- 
NMiitro-N-nitrosoguanidine, N-nitroquinoteine-l-oxyde (NQO)], les agents 
bialkylants, les agents intercalants, etc. 

Par d£tetion on entend au sens de Tinvention toute suppression du g&ie 
consider^. 11 peut s'agir notamment de tout ou partie de la region codante dudit gfine, 
et/ou de tout ou partie de la region promotrice de la transcription dudit g8ne. La 
suppression peut etre efFectu^e par digestion au moyen d'enzymes de restriction 
appropri&s, puis ligature, selon les techniques classiques de biologie moleculaire, ainsi 
qu'illustrd dans les exemples. 

Les modifications gen&iques peuvent £galement etre obtenues par disruption 
g&iique, par exemple selon le protocole initialement ddcrit par Rothstein [Meth. 
Enzymol. JLQ1 (1983) 202]. Dans ce cas, tout ou partie de la sequence codante est 
preftrentiellement perturb£e pour permettre le remplacement, par recombinaison 
homologiie, de la sequence genomique par une sequence non fonctionnelle ou 
mutante. 

La ou lesdites modifications g£netiques peuvent etre localises dans la partie 
codante du g£ne concern^, ou en dehors de la region codante, et par exemple dans les 
regions responsables de i'expression et/ou de la regulation transcriptionelle desdits 
genes. Le caractfcre non fonctionnel desdits genes peut done se manifester par la 
production d'une proteine inactive en raison de modifications structurales ou 
conformationelles, par I'absence de production, par la production d'une prot&nee ayant 
une activite alter£e, ou encore par la production de la prot&ne naturelle k un niveau 
att6nu6 ou selon un mode de regulation d£sir£. 

Par ailleurs, certaines alterations telles que des mutations ponctuelles sont par 
nature capables d'etre corrigees ou att£nu&s par des mecanismes cellulaires. De telles 
alterations genetiques ont alors un interet limite au niveau industriel. H est done 
particulierement pr6f6r6 que le caractSre non fonctionnel soit parfaitement stable 
segregationellement et/ou non-reversible. . 

De preference, le gSne est non fonctionnel en raison d'une deletion partielle 
ou totale. 

Preferentiellement, les adenovirus recombinants defectifs de Tinvention sont 
depourvus de genes tardifs d'addnovirus. 

Un mode particulierement avantageux de invention consiste en un 
adenovirus recombinant d£fectif comprenant : 
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- les sequences ITR, 

- une sequence permettant Tencapsidation, 

- une sequence d'ADN heterologue, et 

- une region portant Ie g£ne ou une partie du gene E2. 

5 Un autre mode particulidrement avantageux de Tinvention consiste en un 

adenovirus recombinant defectif comprenant : 

- Ies sequences ITR, 

- une sequence permettant Tencapsidation, 

- une sequence d'ADN heterologue, et 

10 - une region portant le g&ie ou une partie du gene E4. 

Toujours dans un mode particulierement avantageux, Ies vecteurs de 
Tinvention possSdent en outre un g&ie E3 fonctionnel sous controle d'un promoteur 
heterologue. Plus preferentiellement, les vecteurs poss£dent une partie du g£ne E3 
permettant Texpression de la proteine gpl9K. 

15 Les adenovirus recombinants defectifs selon Tinvention peuvent etre prepares 

de differentes fafons. 

Une premiere methode consiste a transferer TADN du virus recombinant 
defectif prepare in vitro (soit par ligature, soit sous forme de plasmide) dans une lignee 
cellulaire competente, c'est-&-dire portant en trans toutes Ies fonctions necessaires a la 

20 complementation du virus defectif. Ces fonctions sont preferentiellement integrees 
dans le genome de la cellule, ce qui permet d'eviter les risques de recombinaison, et 
conffire une stability accrue k la lignee cellulaire. La preparation de telles lignees 
cellulaires est decrite dans les exemples. 

Une seconde approche consiste a co-transfecter dans une lignee cellulaire 

25 apppropriee TADN du virus recombinant defectif prepare in vitro (soit par ligature, 
soit sous forme de plasmide) et l'ADN d'un virus helper. Selon cette methode, il n'est 
pas necessaire de disposer d'une lignee cellulaire competente capable de complementer 
toutes Ies fonctions defectives de Tadenovirus recombinant. Une partie de ces 
fonctions est en effet comptementee par le virus helper. Ce virus helper doit lui-meme 

30 etre defectif et la lignee cellulaire porte en trans Ies fonctions necessaires a sa 
complementation. La preparation d'adenovirus recombinants defectifs de Tinvention 
selon cette methode est egalement illustree dans les exemples. 
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Parmi les lignees cellulaires utilisables dans le cadre de cette seconde 
approche, on peut citer notamment la lign^e de rein embryonnaire humain 293, les 
cellules KB, les cellules Hela, MDCK, GHK, etc (Cf exemples). 

Ensuite, les vecteurs qui se sont multiplies sont r£cupdr£s, purifies et 
5 amplifies selon les techniques classiques de biologie moteculaire. 

La presente invention concerne done aussi les lignees cellulaires infectables 
par les adenovirus, comprenant, integrees dans leur genome, les fonctions n&essaires 
& la complementation d'un adenovirus recombinant defectif tel que decrit 
precedemment. En particulier, elle conceme les lignees cellulaires comportant, 
10 integrees dans leur genome, les regions El et E2 (notamment la region codant pour la 
proteine 72K), et/ou E4 et/ou le g£ne du rfcepteur aux glucocorticoides. 
Preferentiellement, ces lignees sont obtenues a partie de la lignee 293 ou gm DBP6. 

La presente invention conceme egalement toute composition pharmaceutique 
comprenant un ou plusieurs adenovirus recombinants defectifs tels que decrits 
15 precedemment. Les compositions pharmaceutiques de l'invention peuvent etre 
formuiees en vue d'une administration par voie topique, orale, parenterale, intranasal 
intraveineuse, intramusculaire, sous-cutanee, intraoculaire, transdermique, etc. 

Preferentiellement, la composition pharmaceutique contient des vehicules 
pharmaceutiquement acceptables pour une formulation injectable. II peut s'agir en 
20 particulier de solutions salines (phosphate monosodique, disodique, chlorure de 
sodium, potassium, calcium ou magnesium, etc, ou des melanges de tels sels), steriles, 
isotoniques, ou de compositions seches, notamment lyophilisees, qui, par addition 
selon le cas d'eau sterilisee ou de serum physiologique, permettent la constitution de 
solutes injectables. 

25 Les doses de virus utilisees pour l'injection peuvent etre adaptees en fonction 

de differents paramdtres, et notamment en fonction du mode d'administration utilise, 
de la pathologie concernee, du gene a exprimer, ou encore de la duree du traitement 
recherchee. D'une maniere generate, les adenovirus recombinants selon l'invention sont 
formuies et administres sous forme de doses comprises entre 10 4 et 10 14 pfii/ml, et de 

30 preference 10 6 i 10 10 pfii/ml. Le terme pfu ("plaque forming unit") correspond au 
pouvoir infectieux d'une solution de virus, et est determine par infection d'une culture 
cellulaire appropriee, et mesure, generalement apres 5 jours, du nombre de plages de 
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cellules infectees. Les techniques de determination du titre pfu d'une solution virale 
sont bien documentees dans la literature. 

Selon la sequence d'ADN heterologue ins6ree, les adenovirus de l'invention 
peuvent etre utilises pour le traitement ou la prevention de nombreuses pathologies, 
5 incluant les maladies g^tiques (dystrophic, fibrose cystique, etc), les maladies 
neurog6gen&atives (alzheimer, parkinson, ALS, etc), les cancers, les pathologies Itees 
aux desordres de la coagulation ou aux dyslipoproteinemies, les pathologies U6es aux 
infections virales (hepatites, SIDA, etc), etc. 

La pr&ente invention sera plus complement decrite & 1'aide des exemples 
10 qui suivent, qui doivent Stre considers comme illustratifs et non limitatifs. 

Legende des figures 

Figure 1 : Organisation genetique de Tadenovirus Ad5. La sequence complete de 1'AdS 
est disponible sur base de donnees et permet a 1'homme du metier de seiectionner ou 
de cr6er tout site de restriction, et ainsi d'isoler toute region du genome. 
15 Figure 2 : Carte de restriction de Taddnovirus CAV2 souche Manhattan (d'aprds 
Spibey et al precite). 

Figure 3 : Construction de virus defectifs de 1'invention par ligature. 
Figure 4 : Construction d*un virus recombinant portant le gene E4. 
Figure 5 : Construction d*un virus recombinant portant le gene E2. 
20 Figure 6 : Construction et representation du plasmide pPY32. 
Figure 7 : Representation du plasmide pPY55. 
Figure 8 : Representation du plasmide p2. 

Figure 9 : Representation du plasmide intermediate utilise pour la construction du 
plasmide pITRL5-E4. 
25 Figure 10 : Representation du plasmide pITRL5-E4. 

Techniques gyrates de bioloPie moleculaire 

Les methodes classiquement utilisees en biologie moleculaire telles que les 
extractions preparatives d'ADN plasmidique, la centrifugation d'ADN plasmidique en 
gradient de chlorure de cesium, reiectrophor&e sur gels d'agarose ou d'acrylamide, la 
30 purification de fragments d'ADN par eiectroeiution, les extraction de proteines au 
phenol ou au phenol-chloroforme, la precipitation d'ADN en milieu salin par de 
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l'&hanol ou de Fisopropanol, la transformation dans Escherichia coir, etc ... sont bien 
connues de l'homme de metier et sont abondament d&rites dans la litt^rature [Maniatis 
T. et al., "Molecular Cloning, a Laboratory Manual", Cold Spring Harbor Laboratory, 
Cold Spring Harbor, N.Y., 1982; Ausubel F.M. et al. (eds), "Current Protocols in 
5 Molecular Biology", John Wiley & Sons, New York, 1987]. 

Les plasmides de type pBR322, pUC et les phages de la s£rie Ml 3 sont 
d'origine commerciale (Bethesda Research Laboratories). 

Pour les ligatures, les fragments d'ADN peuvent etre s^par^s selon leur tailJe 
par eiectrophor£se en gels d'agarose ou d'acrylamide, extraits au phenol ou par un 
10 melange ph&iol/chloroforme, pr6cipit6s k l'ethanol puis incubus en presence de l'ADN 
ligase du phage T4 (Biolabs) selon les recommandations du fournisseur. 

Le remplissage des extrdmitds 5' proeminentes peut etre effectue par le 
fragment de Klenow de l'ADN Polymerase I d'E. coli (Biolabs) selon les specifications 
du fournisseur. La destruction des extr&nitds 3' proeminentes est eflfectu6e en presence 
15 de l'ADN Polymerase du phage T4 (Biolabs) utilisee selon les recommandations du 
fabricant. La destruction des extremit^s S' proeminentes est effectuee par un traitement 
m6nag^ par la nuclease SI. 

La mutag^nese dingle in vitro par oligodtoxynucleotides synthetiques peut 
etre effectude selon la methode developp£e par Taylor et al. [Nucleic Acids Res. II 
20 (1985) 8749-8764] en utilisant le kit distribue par Amersham. 

L'amplification enzymatique de fragments d'ADN par la technique dite de PCR 
•Eolym&ase-catalyzed Chain Reaction, Saiki R.K et al., Science 22Q (1985) 1350- 
1354; Mullis KB. et Faloona F.A-, Meth.Enzym. 15£ (1987) 335-350] peut etre 
effectuee en utilisant un "DNA thermal cycler" (Perkin Elmer Cetus) selon les 
25 specifications du fabricant. 

La verification des sequences nucleotidiques peut etre effectuee par la methode 
developpee par Sanger et al. [Proc. Natl. Acad. Sci. USA, 1± (1977) 5463-5467] en 
utilisant le kit distribue par Amersham. 

Lignees cellulaires utilisees 

30 Dans les exemples qui suivent, les lignees cellulaires suivantes ont ou peuvent 

etre utilisees : 

- Lignee de rein embryonnaire humain 293 (Graham et al., J. Gen. Virol. 36 
(1977) 59). Cette lignee contient notamment, integree dans son genome, la partie 
gauche du genome de Tadenovirus humain Ad5 (12 %). 
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- Lignee de cellules humaines KB : Issue d'un carcinome ^pidermique humain, 
cette lignee est accessible a l'ATCC (ref. CCL17) ainsi que les conditions permettant 
sa culture. 

- Lignee de cellules humaines Hela : Issue d'un carcinome de Tepithelium 
5 humain, cette lignee est accessible k l'ATCC (ref. CCL2) ainsi que les conditions 

permettant sa culture. 

- Lignge de cellules canines MDCK : Les conditions de culture des cellules 
MDCK ont 6tc d&rites notamment par Macatney et al., Science 44 (1988) 9. 

- Lignfe de cellules gm DBP6 (Brough et al., Virology 190 (1992) 624). 
10 Cette lignde est constitute de cellules Hela portant le gene E2 d'ad&iovirus sous le 

controle du LTR de MMTV. 

Cet exemple d&nontre la faisabilite d'un adenovirus recombinant depourvu de 
15 l'essentiel des genes viraux. Pour cela, une s6rie de mutants de deletion dans 
Fad&iovirus a 6t6 construite par ligation in vitro, et chacun de ces mutants a &e co- 
transfecte avec un virus helper dans les cellules KB. Ces cellules ne permettant pas la 
propagation des virus defectifs pour El, la transcomplementation porte sur la region 
El. 

20 Les differents mutants de deletion ont 6t6 pr£par£s & partir de l'ad&iovirus 

AdS par digestion puis ligation in vitro. Pour cela, l'ADN viral d'AdS est isote selon la 
technique d^crite par Lipp et al. (J. Virol. 63 (1989) 5133), soumis a digestion en 
presence de differentes enzymes de restriction (Cf figure 3), puis le produit de la 
digestion est ligatur£ en presence de T4 DNA ligase. La taille des differents mutants de 

25 deletion est ensuite controtee sur gel SDS agarose 0,8%. Ces mutants sont ensuite 
cartographies (Cf figure 3). Ces differents mutants component les regions suivantes : 
mtl : Ligation entre les fragments d'Ad5 0-20642(SauI) et (SauI)33797-35935 
mt2 : Ligation entre les fragments d'Ad5 0-19549(NdeI) et (Ndel)3 1089-35935 
mt3 : Ligation entre les fragments d*Ad5 0-10754(AatII) et (AatII)25915-35935 

30 mt4 : Ligation entre les fragments d'AdS 0-1 13 1 l(MIuI) et (MluI)24392-35935 
mt5 : Ligation entre les fragments d'AdS 0-9462(SalI) et (XhoI)2979 1-3593 5 
mt6 : Ligation entre les fragments d'AdS 0-5788(XhoI) et (XhoI)29791-35935 
mt7 : Ligation entre les fragments d'AdS 0-3665(SphI) et (Sphl)3 1224-35935 
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Chacun des mutants prepares ci-dessus a ete co-transfecti avec I'ADN viral 
de Ad.RSVBGal (Stratford-Perricaudet et al., LClinJnvest. 90 (1992) 626) dans les 
cellules KB, en presence de phosphate de calcium. Les cellules ont 6t6 r£coltees 8 
jours aprds la transfection, et les surnageants de culture ont 6t6 recolt^s puis amplifies 
5 sur cellules KB jusqu'i l'obtention de stocks de SO boites pour chaque transfection. A 
partir de chaque gchantillon, PADN Spisomique a 6t6 \sol€ et s6par6 sur gradient de 
chlorure de cesium. Deux bandes distinctes de virus ont 6t6 observes dans chaque 
cas, pr#ev£es et analyses. La plus lourde correspond k 1'ADN viral de Ad.RSVBGal, 
et la plus tegere a I'ADN du virus recombinant g6n6t6 par ligation (figure 3). Le titre 
10 obtenu pour cette derntere est d'environ 10 8 pfii/ml. 

Une seconde serie de mutants de dfl&ion dans Pad£novirus a 6te construite 
par ligation in vitro selon la meme methodologie. Ces difBSrents mutants comportent 
les regions suivantes : 

mt8 : Ligation entre les fragments 0-4623(ApaI) d'Ad RSVBGal et (Apal)31909- 
15 35935 d'Ad5. 

mt9 : Ligation entre les fragments 0-10178(BglII) d'Ad RSVBGal et (Bamffl)21562- 
35935 d"Ad5. 

Ces mutants, portant le gene LacZ sous controle du promoteur LTR du virus 
RSV, sont ensiute co-transfectes dans les cellules 293 en presence de l'ADN viral de 
20 H2dI808 (Weinberg et al., X ViroL 57 (1986) 833), qui est 66l6t6 de la region E4. 
Selon cette seconde technique, la transcompl&nentation porte sur E4 et non plus sur 
El. Cette technique permet ainsi de g£n6rer, comme decrit ci-dessus, des virus 
recombinants ne possedant comme gene viral que la region E4. 



Knvention par co-transfection, avec un virus helper, de PADN du virus recombinant 
incorporg a un plasmide. 

Pour cela, un plasmide portant les ITR jointives de TAd5, la sequence 
d'encapsidation, le gene E4 sous controle de son propre promoteur et, comme gene 
30 hetfrologue, le gene LacZ sous controle du promoteur LTR du virus RSV a 6i6 
construit (figure 4). Ce plasmide, d6sign6 pE4Gal a 6t6 obtenu par clonage et ligature 
des fragments suivants (voir figure 4) : 



Exemple2 



25 



Cet exemple decrit la preparation d'adenovirus recombinants defectifs selon 
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- fragment Hindlll-SacII issu du plasmide pFG144 (Graham et al, EMBO J. 8 
(1989) 2077). Ce fragment porte les sequences ITR de TAd5 en tete d queue et la 
sequence d'encapsidation : fragment Hindffl (34920)-SacII (352). 

- fragment de 1'AdS compris entre les sites SacII (localise au niveau de la 
5 pake de bases 3827) et PstI (localise au niveau de la paire de bases 4245); 

- fragment de pSP 72 (Promega) compris entre les sites PstI (pb 32) et Sail 

(pb34); 

- fragment Xhol-Xbal du plasmide pAdLTR GallX d^crit dans Stratford- 
Perricaudet et al (JCI 90 (1992) 626). Ce fragment porte le g£ne LacZ sous controle 

10 du ITR du virus RS V. 

- fragment Xbal (pb 40) - Ndel (pb 2379) du plasmide pSP 72; 

- fragment Ndel (pb 31089) - Hindm (pb 34930) de l'AdS. Ce fragment 
localise dans l'extr&nit£ droite du g&iome de TAd5 contient la region E4 sous controle 
de son propre promoteur. II a 6te clone au niveau des sites Ndel (2379) du plasmide 

15 pSP 72 et Hindm du premier fragment 

Ce plasmide a et€ obtenu par clonage des diffSrents fragments dans les 
regions indiquees du plasmide pSP 72. II est entendu que des fragments Equivalents 
peuvent etre obtenus par Phomme du metier a partir d'autres sources. 

Le plasmide pE4Gal est ensuite co-transfect6 avec I'ADN du virus H2dl808 
20 dans les cellules 293 en pr&ence de phosphate de calcium. Le virus recombinant est 
ensuite prepare comme ddcrit dans Texemple 1, Ce virus porte, corame seul gdne viral, 
le gene E4 de I'ad&iovinis'AdS (figure 4). Son genome a une taille de 12 kb environ, 
ce qui permet I'insertion d'ADN h&erologue de trds grande taille Qusqu'a 20 kb). 
Ainsi, lliomme du metier peut ais6ment remplacer le g&ie LacZ par tout autre gene 
25 tWrapeutique tels que ceux mentionn& plus haut Par ailleurs, ce virus comporte 
certaines sequences issues du plasmide pSP 72, qui peuvent etre eliminees par les 
techniques classiques de biologie moldculaires si n&essaire. 

Fxgmply3 

Cet exemple decrit la preparation d'un autre adenovirus recombinant defectif 
30 selon Tinvention par co-transfection, avec un vims helper, de l'ADN du virus 
recombinant incorpord a un plasmide. 

Pour cela, un plasmide portant les ITR jointives de l'Ad5, la sequence 
d'encapsidation, le gene E2 de TAd2 sous controle de son propre promoteur et, comme 



WO 95/02697 



PCT/FR94/00851 



16 

gene h&^rologue, le g£ne LacZ sous controle du promoteur LTR du virus RSV a &6 
construit (figure 5). Ce plasmide, design^ pE2Gal a 6t6 obtenu par clonage et ligature 
des fragments suivants (voir figure 5) : 

- fragment Kndlll-SacII issu du plasmide pFG144 (Graham et al, EMBO J. 8 
(1989) 2077). Ce fragment porte les sequences ITR de TAd5 en tete A queue et la 
sequence d'encapsidation : fragment EBndDI (34920)-SacII (352). II a 6t6 clone, avec 
le fragment suivant, au niveau des sites HindlH (16) - PstI (32) du plasmide pSP 72. 

- fragment de 1'AdS compris entre les sites SacII (localise au niveau de la 
paire de bases 3827) et PstI (localise au niveau de la paire de bases 4245). Ce 
fragment a 6t6 clon6 au niveau du site SacII du fragment precedent et du site PstI (32) 
du plasmide pSP 72. 

- fragment de pSP 72 (Promega) compris entre les sites PstI (pb 32) et Sail 

(pb34); 

- fragment Xhol-Xbal du plasmide pAdLTR GallX decrit dans Stratford- 
Perricaudet et al (JCI 90 (1992) 626). Ce fragment porte le gdne LacZ sous controle 
du LTR du virus RSV. II a 6t6 clon6 au niveau des sites Sail (34) et Xbal du plasmide 
pSP 72. 

- fragment de pSP 72 (Promega) compris entre les sites Xbal (pb 34) et 
BamHI (pb 46); 

- fragment BamHI (pb 21606) - Smal (pb 27339) de PAd2. Ce fragment du 
genome de l'Ad2 contient la region E2 sous controle de son propre promoteur. D a et6 
-clon6 au niveau des sites BamHI (46) et EcoRV du plasmide pSP 72. 

- fragment EcoRV (pb 81) - Hindin (pb 16) du plasmide pSP 72. 

Ce plasmide a 6t6 obtenu par clonage des differents fragments dans les 
regions indiqu^es du plasmide pSP 72. II est entendu que des fragments Equivalents 
peuvent etre obtenus par l'homme du metier a partir d'autres sources. 

Le pE2GaI plasmide est ensuite co-transfecte avec 1'ADN du virus H2dI802 
d<5pourvu de la region E2 (Rice et al. J. Virol. 56 (1985) 767) dans les cellules 293, en 
pr&ence de phosphate de calcium. Le vims recombinant est ensuite prepare comme 
decrit dans l'exemple 1. Ce virus porte, comme seul g£ne viral, le g&ie E2 de 
TadEnovirus Ad2 (figure 5). Son g&iome a une taille de 12 kb environ, ce qui permet 
Finsertion d'ADN hetdrologue de trbs grande taille Qusqu'i 20 kb). Ainsi, I'homme du 
metier peut ais&nent remplacer le gene LacZ par tout autre g&ie th^rapeutique tels 
que ceux mentionn& plus haut. Par ailleurs, ce virus comporte certaines sequences 
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issues du plasmide intermediate, qui peuvent Stre £Iimin6es par les techniques 
classiques de biologie moleculaires si nScessaire. 

Cet exemple ddcrit la construction de lign&s cellulaires complementantes 
5 pour les regions El, E2 et/ou E4 des adenovirus. Ces lign^es permettent la 
construction d'ad&iovirus recombinants selon I'invention d&6t6$ pour ces regions, sans 
avoir recours a un Virus helper. Ces virus sont obtenus par recombinaison in vivo, et 
peuvent comporter des sequences h£t&ologues importantes. 

Dans les lign^es cellulaires d&rites, les regions E2 et E4, potentiellement 
10 cytotoxiques, sont placees sous le controle d'un promoteur inductible : le LTR de 
MMTV (Pharmacia), qui est induit par la dexamethasone, soit natif, soit la forme 
minimale dScrite dans PNAS 90 (1993) 5603; ou le syst&ne repressible par la 
tetracycline d&rit par Gossen et BQjard (PNAS 89 (1992) 5547). II est entendu que 
d'autres promoteurs peuvent etre utilises, et notamment des variants du LTR de 
15 MMTV portant par exemple des regions h£t6rologues de regulation (region 
"enhancer" notamment). Les lignees de I'invention ont 6t6 construites par transfection 
des cellules correspondantes, en presence de phosphate de calcium, par un fragment 
d'ADN portant les genes indiquds (regions d'adenovims et/ou g&ne du recepteur aux 
glucocorticofdes) sous le controle d*un promoteur de la transcription et d'un 
20 terminateur (site de polyadlnylation). Le terminateur peut. etre soit le terminateur 
naturel du gdne transfecte, soit un terminateur different comme par exemple le 
terminateur du messager pr&oce du virus SV40. Avantageusement, le fragment 
d'ADN porte 6galement un g&ie permettant la selection des cellules transform6es, et 
par exemple le gene de la resistance 4 la gendticine. Le gene de resistance peut 
25 6galement etre porte par un fragment d'ADN different, co-transfect6 avec le premier. 

Apr&s transfection, les cellules tranformees sont selectionnees et leur ADN 
estvanalyse pour verifier Tint^gration du fragment d'ADN dans le genome. 
Cette technique permet d'obtenir les lignSes cellulaires suivantes : 

1. Cellules 293 possddant le g£ne de la 72K de la region E2 d'Ad5 sous 
30 controle du LTR de MMTV; 

2. Cellules 293 possedant le gene de la 72K de la region E2 d'AdS sous 
controle du LTR de MMTV et le gene du r&epteur aux glucocorticoides; 

3. Cellules 293 possedant le gene de la 72K de la region E2 d'AdS sous 
controle du LTR de MMTV et la region E4 sous controle du LTR de MMTV; 
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4. Cellules 293 possedant le gene de la 72K de la region E2 d'AdS sous 
controle du LTR de MMTV, la region E4 sous controle du LTR de MMTV, et le g£ne 
du rtcepteur aux glucocorticoYdes; 

5. Cellules 293 possedant la region E4 sous controle du LTR de MMTV; 
5 6. Cellules 293 possedant la region E4 sous controle du LTR de MMTV et le 

gene du rlcepteur aux glucocorticoYdes; 

7. Cellules gm DBP6 possedant les regions El A et E1B sous controle de Ieur * 
propre promoteur; 

8. Cellules gm DBP6 possedant les regions El A et E1B sous controle de Ieur 
10 propre promoteur et la region E4 sous controle du LTR de MMTV. 

Exemple 5 

Cet exemple d£crit la preparation ^adenovirus recombinants defectifs selon 
Hnvention dont le genome est delete des genes El, E3 et E4. Selon un mode 
15 avantageux de realisation, illustre dans cet exemple et dans 1'exemple 3 notamment, le 
genome des adenovirus recombinants de invention est modifie de sorte que les genes 
El et E4 au moins soient non-fonctionnels. De tels adenovirus poss£dent tout d'abord 
une capacity d'incorporation de genes heterologies importante. Par ailleurs, ces 
vecteurs presentent une s£curit£ eievee en raison de la delation de la region E4, qui est 
20 impliqu£e dans la regulation de l'expression des g&nes tardifs, dans la stability des ARN 
nucieaires tardifs, dans l'extinction de l'expression des prolines de la cellule hote et 
dans 1'eflScacite de la replication de l'ADN viral. Ces vecteurs poss&dent done un bruit 
de fond de transcription et une expression de g£nes viraux tres reduits. Enfin, de 
maniere particulierement avantageuse, ces vecteurs peuvent Stre produits a des titres 
comparables aux adenovirus sauvages. 

Ces adenovirus ont 6t6 prepares a partir du plasmide pPY55, portant la partie 
droite modifiee du genome de 1'adenovirus Ad5, soit par co-transfection avec un 
plasmide helper (voir egalement exemples 1, 2 et 3), soit au moyen d'une lignee 
complementante (exemple 4). 

5.1 Construction du plasmide pPY55 



a) Construction du plasmide pPY32 
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Le fragment Avrll-BcII du plasmide pFG144 [FX. Graham et al. EMBO J. 8 
(1989) 2077-2085], correspondant a l'extrimte droite du g&iome de l'ad^novirus 
Ad5, a d'abord 6t€ clon6 entre lcs sites Xbal et BamHI du vecteur pIC19H, prepare a 
partir d*un contexte dam-. Ceci gunfire le plasmide pPY23. Une caractSristique 
5 interessante du plasmide pPY23 est que le site Sail provenant du multisite de clonage 
du vecteur pIC19H reste unique et qu'il est localise a cot6 de Textr&nite droite du 
genome de I'ad&iovirus Ad5. Le fragment HaelH-Sall du plasmide pPY23 qui contient 
VextxiaaU droite du g6nome de Pad^novirus Ad5, a partir du site Haem localise en 
position 35614, a ensuite 6t6 clon6 entre les sites EcoRV et Xhol du vecteur pIC20H, 

10 ce qui g&i&re le plasmide pPY29. Une caract&istique interessante de ce plasmide est 
que les sites Xbal et Clal provenant du multisite de clonage du vecteur pIC20H sont 
localises k cot6 de la jonction EcoRV/Haem resultant du clonage. De plus cette 
jonction modifie le contexte nucteotidique immSdiatement adjacent au site Clal qui est 
maintenant devenu m&hylable dans un contexte dam+. Le fragment Xbal(30470)- 

15 MaeII(3281 1) du genome de Tad&iovirus Ad5 a ensuite 6t6 clon6 entre les sites Xbal 
et Clal du plasmide pPY29 prepare a partir d'un contexte dam-, ce qui g&iere le 
plasmide pPY30. Le fragment SstI du plasmide pPY30, qui correspond k la sequence 
du g&iome de l'adenovirus Ad5 du site SstI en position 30556 jusqu'4 I'extrtimitg 
droite a enfin &e clon6 entre les sites SstI du vecteur pIC20H, ce qui genere le 

20 plasmide pPY31, dont une carte de restriction de l'insert localise entre les sites Hindin 
est donnte k la Figure 6. 

Le plasmide pPY32 a ete obtenu apres digestion partielle du plasmide pPY31 
par BgUI, suivie d*une digestion totale par BamHI, puis religature. Le plasmide pPY32 
25 correspond done a la deletion du genome de l'ad&iovirus Ad5 situee entre le site 
BamHI du plasmide pPY31 et le site BgUI localise en position 30818. Une carte de 
restriction du fragment Hindm du plasmide pPY32 est donnSe k la Figure 6. Une 
caracteristique du plasmide pPY32 est qu'il poss^de des sites Sail et Xbal uniques. 

30 b) Construction du plasmide pPY47 

Le fragment BamHI(21562)-XbaI(28592) du genome de 1'adenovirus Ad5 a 
tout d'abord 6t6 clon6 entre les sites BamHI et Xbal du vecteur plC19H pr6par6 a 
partir d'un contexte dam-, ce qui g6n£re le plasmide pPY17. Ce plasmide contient 
done un fragment Hindm (26328)-BglII(28133) du g&iome de 1'adenovirus Ad5, qui 

35 peut etre clone entre les sites Hindm et BgUI du vecteur pIC20R, pour generer le 
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plasmide pPY34. Une caracteristique de ce plasmide est que le site BamHI provenant 
du multisite de clonage est localise a proximite immediate du site HindIII(26328) du 
genome de l'adenovirus Ad5. 

Le fragment BamHI (21562>Hindm(26328) du genome de l'adenovirus Ad5 
provenant du plasmide pPY17 a ensuite 6t6 clone entre les sites BamHI et Hindm du 
plasmide pPY34, ce qui g^nere le plasmide pPY39. Le fragment BamHI-Xbal du 
plasmide pPY39 prepare k partir d'un contexte dam-, contenant la partie du genome de 
l'adenovirus Ad5 comprise entre les sites BamHI(21562) et BglH(28133), a ensuite ete 
clone entre les sites BamHI et Xbal du vecteur pIC19H prepare k partir d'un contexte 
dam-. Ceci genere le plasmide pPY47 dont une caracteristique interessante est que le 
site Sail provenant du multisite de clonage est localise a proximite du site Hindm 
(figure 7). 

c) Construction du plasmide pPY55 

Le fragment Sall-Xbal du plasmide pPY47 prepare k partir d'un contexte 
dam-, et qui contient la partie du genome de l'adenovirus Ad5 allant du site 
BamHI(21562) jusqu'au site Bgin(28133), a ete clone entre les sites Sail et Xbal du 
plasmide pPY32, ce qui gen£re le plasmide pPY55. Ce plasmide est directement 
utilisable pour l'obtention d'ad^novirus recombinants au moins deletes pour la region 
E3 (deletion entre les sites Bgllt localises aux positions 28133 et 30818 du genome de 
l'adenovirus Ad5) et pour la region E4 dans son integrals (deletion entre les sites 
MaeH(3281 1) et HaeIH(35614) du genome de l'adenovirus Ad5 (figure 7). 

5.2 Preparation des adenovirus comprenant au moins une deletion dans la 
region E4, et, de preference, au moins dans les regions El et E4. 

a) Preparation par co-transfection avec un virus helper E4 dans les cellules 
293 

Le principe repose sur la transcompiementation entre un "mini-virus" (virus 
helper) exprimant la region E4 et un virus recombinant delete au moins pour E3 et E4. 
Ces virus sont obtenus soit par ligature in vitro, soit apres recombinaison in vivo, selon 
les strategies suivantes : 
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(i) L'ADN du vims Ad-dl324 (Thimmappaya et al., Cell 31 (1982) 543) et le 
plasmide pPY55, tous deux digenis par BamHI, sont d'abord ligatures in vitro, puis 
cotransfectes avec le plasmide pEAGal (decrit dans rexemple 2) dans les cellules 293. 

(ii) L'ADN du virus Ad-dl324 dig<W par EcoRI et le plasmide pPY55 dig^re 
5 par BamHI sont contranfectes, avec le plasmide pE4Gal, dans les cellules 293 . 

(iii) L'ADN de 1'adenovirus Ad5 et le plasmide pPY55, tous deux digeres par 
BamHI, sont ligatures puis cotransfectes avec le plasmide pE4Gal dans les cellules 
293. 

(iv) L'ADN de 1'adenovirus Ad5 digeni par EcoRI et le plasmide pPY55 
10 digere" par BamHI sont cotransfectes avec lepEAGal dans les cellules 293. 

Les strategies (i) et (ii) permettent de ginerer un adenovirus recombinant 
delete pour les regions El, E3 et E4; les strategies (iii) et (iv) permettent de generer un 
adenovirus recombinant delete pour les regions E3 et E4. Bien entendu, l'ADN d'un 
15 virus recombinant delete" pour la region El mais exprimant un transgene quelconque 
peut €tre utilise a la place de l'ADN du virus Ad-dl324 selon les strategies (i) ou (ii), 
dans le but de generer un virus recombinant delete pour les regions El, E3 et E4 et 
exprimant ledit transgene. 

20 b) Preparation au moyen de lignees cellulaires transcomplementant les fonctions 

EletE4 

Le principe repose ici sur le fait qu*une lignee cellulaire derivee d'une lignee 
exprimant la region El, par exemple la lignee 293, et exprimant egalement au moins les 
phases ouvertes ORF6 et ORF6/7 de la region E4 de 1'adenovirus Ad5 sous contr61e d'un 
25 promoteur, par exemple inductible, est capable de transcompiementer a la fois pour les 
regions El et E4 de 1'adenovirus Ad5. De telles lignees ont ete decrites dans rexemple 4. 

Un virus recombinant delete pour les regions El, E3 et E4 peut done etre obtenu 
par ligation in vitro ou par recombinaison in vivo selon les protocoles decrits ci-dessus. 

30 Quelque soit le protocole utilise pour generer les virus deletes au moins pour la region E4, 
un effet cytopathique (indiquant la production de virus recombinants) a ete observe apres 
transfection dans les cellules utilisees. Les cellules ont ensuite ete recoltees, disruptees par 
trois cycles de congelation-decongeiation dans leur surnageant, puis centrifugees a 4000 
rpm pendant 10 minutes. Le surnageant ainsi obtenu a ensuite ete amplifie sur culture 

35 cellulaire fraiche (cellules 293 pour les protocoles a) et cellules 293 exprimant la region E4 
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pour le protocole b)). Les virus ont alors £te purifies k partir de plages et leur ADN est 
analyst selon la m&hode de Hirt (precis). Des stocks de virus sont ensuite prepares sur 
gradient de chlorure de cesium. 

Exempts 6 

5 

Get exemple decrit la preparation d'ad&iovirus recombinants dtfectifs selon 
Tinvention dont le genome est ddet6 des gfines El, E3, L5 et E4. Ces vecteurs sont 
particuli&rement avantageux puisque la region L5 code pour la fibre, qui est une 
proline extr&nent toxique pour la cellule. 
10 Ces adenovirus ont et6 prepares 4 partir du plasmide p2, portant la partie 

droite modifife du g&iome de l'ad^novirus Ad5, par co-transfection avec diflterents 
plasmides helper. lis peuvent egalement etre pr6par6s au moyen d ! une lign6e 
comptementante. 

15 6.1 Construction du plasmide p2 

Ce plasmide contient toute la region droite du genome de Fad&iovirus Ad5, k 
partir du site BamHI (21562), de laquelle a 6t6 d6tet6 le fragment compris entre les 
sites Xbal (28592) et Avrll (35463), portant les g&ies E3, L5 et E4. Le plasmide p2 a 
€t6 obtenu par clonage et ligature des fragments suivants dans le plasmide pIC19R 

20 lin&ris6 par BamHI et d^phosphoiyte (voir figure 8) : 

- fragment du genome de Tadenovirus Ad5 compris entre les sites BamHI 
(21562) et Xbal (28592), et 

- extremite droite du gdnome de Tad&iovirus Ad5 (contenant 1TTR droite), b 
partir du site Avrll (35463), jusqu'au site Bell (compatible BamHI). 

25 

6.2. Construction d\in plasmide helper (pITRL5-E4) portant le g&ie L5 
Le plasmide helper pITRL5-E4 apporte en trans les g&ies E4 et L5. II 
correspond au plasmide pE4Gal decrit dans l'exemple 2, contenant en plus la region L5 
codant pour la fibre sous controle du promoteur MLP de 1'adenovirus Ad2. Le 
30 plasmide pITRL5-E4 a 6t6 construit de la maniere suivante (figures 9 et 10) : 

Un oligonucleotide de 58 pb contenant, dans le sens 5'-3\ un site Hindin, 
TATG de la fibre et la sequence codante de la fibre jusqu'au site Ndel en position 
31089 du genome de 1'adenovirus Ad5 a et6 synthetis6. La sequence de cet 
oligonucleotide est donnee ci-dessous, dans Torientation 5-3' : 

35 
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AAGCTT ATGAAGCGCGCAAflArrCTP.TnAA^ATArCTTCAACCCCGTGTAT CCATATG 



Les sites HindHI, en 5', et Ndel, en 3 1 , sont soulign^s en simple, 1'ATG de la fibre est 
soulignS en double. 

5 Un fragment Sspl-Hindin contenant la sequence du promoteur MLP suivie 

du tripartite leader de I'ad&iovirus Ad2 a ite isole a partir du plasmide pMLPIO 
(Ballay et al., (1987) UCLA Symposia on molecular and cellular biology, New series, 
Vol 70, Robinson et al (Eds) New- York, 481). Ce fragment a 6t6 \ns6r6 avec 
Poligonucteotide de 58 pb d6crit ci-dessus entre les sites Ndel et EcoRV du plasmide 
10 pIC19R, pour dormer un plasmide intermedial re (voir figure 9). Le fragment SacR 
(rendu b!unt)-NdeI du plasmide pE4Gal (exemple 2) a ensuite 6t6 introduit dans le 
plasmide interm&liaire entre les sites Sspl et Nddel pour gen&er le plasmide pITRLS- 
E4 (figure 10). 

15 6.3 Preparation des adenovirus recombinants dSfectifs comprenant une 

d616tion dans les regions El, E3, L5 et E4. 

a) Preparation par co-transfection avec un virus helper dans les cellules 293 
Le principe repose sur la transcomplementation entre un "mini-virus" (virus 
20 helper) exprimant la region L5 ou les regions E4 et L5 et un virus recombinant delete 
au moins pour E3, E4 et L5. 

Ces virus ont 6t6 obtenus soit par ligature in vitro, soit apres recombinaison in 
vivo, selon les strategies suivantes : 

(i) L'ADN du virus Ad-dl324 (Thimmappaya et al., Cell 31 (1982) 543) et le 
25 plasmide p2, tous deux digeres par BamHI, ont tout d'abord 6t6 ligatures in vitro, puis 

cotransfectes avec le plasmide helper pITRL5-E4 (exemple 6.2.) dans les cellules 293. 

(ii) L'ADN du virus Ad-dl324 diger6 par EcoRI et le plasmide p2 diger6 par 
BamHI sont contranfectes, avec le plasmide pITRL5-E4, dans les cellules 293. 

(iii) L'ADN de Tadenovirus Ad5 et le plasmide p2, tous deux digeres par 
30 BamHI, sont ligatures puis cotransfectes avec le plasmide pITRL5-E4 dans les cellules 

293. 

(iv) L'ADN de Tadenovirus Ad5 digere par EcoRI et le plasmide p2 digere 
par BamHI sont cotransfectes avec le pITRL5-E4 dans les cellules 293. 
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Les strategies (i) et (ii) permettent de gen^rer un adenovirus recombinant 
delete pour les regions El, E3, L5 et E4; les strategies (iii) et (iv) permettent de 
genSrer un adenovirus recombinant delete pour les regions E3, L5 et E4. Bien 
entendu, 1'ADN d'un virus recombinant delete pour la region El mais exprimant un 
5 transgene quelconque peut etre utilise a la place de l'ADN du virus Ad-dl324 selon les 
strategies (i) ou (ii), dans le but de generer un virus recombinant delete pour les 
regions El, E3, L5 et E4 et exprimant ledit transgene. 

Les protocoles decrits ci-dessus peuvent egalement etre mis en oeuvre avec un 
10 virus helper ne portant que la region L5, en utilisant une lign£e cellulaire capable 
d'exprimer les regions El et E4 de l'adenovirus, telle que decrite dans 1'exemple 4. 

Par ailleurs, il est egalement possible d'utiliser une lignee compiementante capable 
d'exprimer les regions El, E4 et L5, de fa?on i s'affranchir totalement de l'emploi d'un 
virus helper. 

15 Apres la transfection, les virus produits sont recuperes, amplifies et purifies dans 

les conditions decrites dans 1'exemple 5. 
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1. Adenovirus recombinant defectif comprenant : 

- les sequences ITR, 

- une sequence permettant l'encapsidation, 

- une sequence d'ADN heterologue, 



et dans lequel le g&ie El et au moiris un des gdnes E2, E4, L1-L5 est non fonctionnel. 

2. Adenovirus selon la revendication 1 caracterise en ce qu'il est d'origine 
humaine, animate, ou mixte. 

3. Adenovirus selon la revendication 2 caracterise en ce que les adenovirus 
10 d'origine humaine sont choisis parmi ceux classes dans le groupe C, de preference 

parmi les adenovirus de type 2 ou 5 (Ad 2 ou Ad 5). 

4. Adenovirus selon la revendication 2 caracterise en ce que les adenovirus 
d'origine animale sont choisis parmi les adenovirus d'origine canine, bovine, murine, 
ovine, porcine, aviaire et simienne. 

15 5. Adenovirus selon l*une des revendications precedentes caracterise en ce 

que les genes El et E4 au moins sont non-fonctionnels. 

6. Adenovirus selon l*une des revendications precedentes caracterise en ce 
•qu'il est depourvu de genes tardifs. 
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7. Adenovirus selon la revendication 1 caracterise en ce qu'il comprend : 

- les sequences ITR, 

- une sequence permettant l'encapsidation, 

- une sequence d'ADN heterologue, et 

- une region portant le gene ou une partie du gene E2. 



8. Adenovirus selon la revendication 1 caracterise en ce qu'il comprend : 

- les sequences ITR, 

- une sequence permettant l'encapsidation, 

- une sequence d'ADN heterologue, et 

- une region portant le gene ou une partie du gdne E4. 
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9. Adenovirus selon la revendication 1 caracterise en ce que son genome est 
delete des genes El, E3 et E4. 

10. Adenovirus selon la revendication 1 caracterise en ce que son genome est 
delete des genes El, E3, L5 et E4. 



qu'il comprend en outre un gine E3 fonctionnel sous controle d'un promoteur 
heterologue. 

12. Adenovirus selon ftine des revendications precedentes caracterise en ce 
que la sequence d'ADN heterologue comporte un ou plusieurs genes therapeutiques 

10 et/ou un ou plusieurs g£nes codant pour des peptides antigeniques. 

13. Adenovirus selon la revendication 12 caracterise en ce que le g£ne 
therapeutique est choisi parmi les genes codant pour des enzymes, des derives 
sanguins, des hormones, des lymphokines (interleukines, interferons, TNF, etc), des 
facteurs de croissance, dies neurotransmetteurs ou Ieurs precurseurs ou enzymes de 

15 synthese, dies facteurs trophiques (BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, 
NT3, NTS, etc), des apolipoproteines (ApoAI, ApoAIV, ApoE, etc), la dystrophine 
ou une minidystrophine, des genes suppresseurs de tumeurs ou des genes codant pour 
des facteurs impliques dans la coagulation (Facteurs VII, VDI, IX, etc). 

14. Adenovirus selon la revendication 12 caracterise en ce que le gene 
20 therapeutique est un gene ou une sequence antisens, dont 1'expression dans la cellule 

_ cible permet de contrdler Expression de genes ou la transcription d'ARNm cellulaires. 

15. Adenovirus selon la revendication 12 caracterise en ce que le gene code 
pour un peptide antigenique capable de generer chez Hiomme une reponse immunitaire 
contre des microorganismes ou des virus. 

25 16. Adenovirus selon la revendication 15 caracterise en ce que le gene code 

pour un peptide antigenique specifique du virus d'epstein barr, du virus HIV, du virus 
de Thepatite B, du virus de la pseudo-rage, ou encore specifique de tumeurs. 



5 



11. Adenovirus selon Tune des revendications precedentes caracterise en.ce 



17. Adenovirus selon Tune des revendications precedentes caracterise en ce 
que la sequence d'ADN heterologue comprend egalement des sequences permettant 
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1'expression du gine therapeutique et/ou du g£ne codant pour le peptide antig&iique 
dans la cellule infectee. 

18. Adenovirus selon Tune des revendications pr&identes caracteris6 en ce 
que la sequence d'ADN het^rologue comprend, en amont du g£ne therapeutique, une 

5 sequence signal dirigeant le produit therapeutique synthetise dans les voies de 
secretion de la cellule cible. 

19. Lignee cellulaire infectable par un adenovirus comprenant, integrees dans 
son genome, les fonctions necessaires k la complementation d'un adenovirus 
recombinant defectif selon l'une des revendications 1418. 

10 20. Lignee cellulaire selon la revendication 19 caracterisee en ce qu'elle 

comporte dans son genome au moins les genes El et E2 d'un adenovirus. 

21. Lignee cellulaire selon la revendication 20 caracterisee en ce qu'elle 
comporte en outre le g£ne E4 d'un adenovirus. 

22. Lignee cellulaire selon la revendication 19 caracterisee en ce qu'elle 
15 comporte dans son genome au moins les genes El et E4 d'un adenovirus. 

23. Lignee cellulaire selon les revendications 19 a 22 caracterisee en ce qu'elle 
comporte en outre le gene du recepteur aux glucocorticoifdes. 

24. Lignee cellulaire selon les revendications 19 a 23 catacterisee en ce que 
les genes E2 et E4 sont places sous le controle d'un promoteur inducible. 

20 25. Lignee cellulaire selon la revendication 24 caracterisee en ce que le 

promoteur inductible est le promoteur UTR de MMTV. 

26. Lignee cellulaire selon les revendications 19 a 25 catacterisee en ce que le 
gene E2 code pour la proteine 72K. 

27. Lignee cellulaire selon les revendications 19 a 26 catacterisee en ce qu'elle 
25 est obtenue d partir de la lignee 293 . 

28. Composition pharmaceutique comprenant au moins un adenovirus 
recombinant defectif selon Tune des revendications 1 a 18. 
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29. Composition pharmaceutique selon la revendication 28 comprenant un 
adenovirus recombinant selon 1'une des revendications 5 a 10. 



30. Composition pharmaceutique selon les revendications 28 ou 29 
comprenant un v&iicule pharmaceutiquement acceptable pour une formulation 
5 injectable. 
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Figure 4 

FEU1LLE DE REMPLACEMENT (RE6LE 26) 
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Figure 7 
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Title: Defective adenovirus vectors and use thereof in gene 
therapy. 

ABSTRACT 



Novel viral vectors derived from adenoviruses, and the use 
thereof in gene therapy, are disclosed. 
(Fig. 4) 
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Title: Defective adenovirus vectors and use thereof in gene 
therapy . 

The invention relates to novel viral vectors, preparation of 
same, and use of said vectors in genetic therapy. The invention 
further relates to pharmaceutical formulations comprised of said 
viral vectors. In particular, the invention relates to 
recombinant adenoviruses used in genetic therapy. 

Genetic therapy is the correction of a deficiency or 
abnormality (mutation, aberrant expression, etc.) by introduction 
of genetic information into the affected cell or organ. The 
information may be introduced: 

— in vitro into a cell extracted from the organ, following 
which the modified cell is re-introduced into the organism; or 

-- in vivo, into the appropriate tissue. 
In the case of in vivo genetic therapy, various techniques are 
known, among which are the following: 

— various transfection techniques, using complexes of: 

o DNA and DEAE-dextran (Pagano et al., 1 J.Virol. 891 
(1967)) [("DEAE" is evidently diethylaminoethyl) ] ; 

o DNA and nuclear proteins (Kaneda et al., 243 Science 
375 (1989); 

o DNA and lipids (Feigner et al., 84 PNAS 7413 (1987)); 

— the use of liposomes (Fraley et al., 255 j.Biol.Chem. 
10431 (1980)); 

etc . 



More recently, the use of viruses themselves as vectors for gene 
transfer has appeared as a promising alternative to these 
physical techniques of transf ection. In this connection, various 
viruses have been tested for their capacity to infect certain 
cell populations. Particular examples of such viruses are the 
retroviruses (RSV, HMS, MMS, etc.), HSV, the adeno-associated 
viruses, and the adenoviruses. 

Among these viruses, the adenoviruses in particular have 
certain important characteristics for use in genetic therapy. In 
particular, they have a very wide host spectrum, are capable of 
infecting quiescent cells, do not become integrated into the 
genome of the infected cell, and to date have not been associated 
with significant pathologies in humans. 

The adenoviruses have linear double stranded DNA of length 
c. 36 kb. Their genome has 

— an inverse repeated sequence (ITR) at its end, 

— an encapsidation (so-called packaging) sequence, and 
-- early and late genes (see Fig. 1) . 

The principal early genes are the genes El (Ela and Elb) , E2, E3 , 
and E4. The principal late genes are the genes Ll to L5 . 

— Page 2 -- 

The adenoviruses have already been used for in vivo transfer 
of genes, based on their characteristics mentioned above. For 
such gene transfer, various vectors derived from adenoviruses 
have been prepared, which incorporate various genes (S-gal, OTC, 
a- I AT , cytokines, etc.). In each of these viral vectors, the 



adenovirus has been modified to render it incapable of 
replicating in the infected cell — in the prior art, 
adenoviruses are described in which the El region (Ela and/or 
Elb) and possibly the E3 region has/have been deleted, and 
heterologous DNA sequences have been inserted at the same level 
(Levrero et al., 101 Gene 195 (1991); Gosh-Choudhury et al., 50 
Gene 161 (1986)). However, the vectors described in the prior 
art have a number of drawbacks which limit their use in genetic 
therapy. In particular, all of the known vectors have a number 
of viral genes the expression of which in vivo is undesirable in 
the context of genetic therapy. Further, these vectors do not 
allow incorporation of DNA fragments of great length, such as may 
be required in certain applications. 

The present invention enables these drawbacks to be 
remedied. The invention discloses recombinant adenoviruses for 
genetic therapy which are capable of effectively transferring DNA 
(in segments up to 30 kb) in vivo, expressing this DNA at high 
levels and in a stable manner in vivo, and essentially 
eliminating the risks of: producing viral proteins, transmitting 
the virus, pathogenicity, etc. In particular, it has been found 
that its is possible to substantially reduce the length of the 
adenovirus genome without impeding the formation of an 
encapsidated viral particle. This result is surprising, in that 
it has been observed for other viruses, e.g. retroviruses, that 
certain sequences distributed along the genome are necessary in 
order to achieve effective packaging of the viral particles. 
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That prior art observation has had the effect of strongly 
limiting attempts to devise vectors having major internal 
deletions. The present invention also demonstrates that the 
formation of such a viral particle is still possible despite 
suppression of essential functions of the viral genes. Moreover, 
the recombinant adenoviruses retain their advantageous properties 
of high infectiosity, stability in vivo, etc., even though they 
have suffered major modifications of their genome structure. 

The inventive vectors are particularly advantageous in that 
they allow incorporation of desirable DNA sequences of great 
length, in particular greater than 30 Kb. This is a particularly 
important property in treating certain pathologies where the 
treatment requires co-expression of a plurality of genes, or 
expression of very long genes. Thus, e.g., 

— Page 3 — 

in the case of muscular dystrophy, heretofore it has not been 
possible to transfer the cDNA segment corresponding to the native 
gene responsible for [remedying] this pathology (dystrophin 
gene) , because of the length of that segment (14 kb) . 

The inventive vectors are also very advantageous in that 
they have very little of the functional regions of the viruses. 
Accordingly, the risks generally inherent in using viruses as 
vectors in genetic therapy, e.g. immunogenicity, pathogenicity, 
transmission, replication, and recombination, are eliminated or 
at least substantially reduced. 

Thus, the invention provides viral vectors which are 



particularly well suited to transferring, and expressing in vivo, 
desirable DNA sequences. 

A principal object of the invention is thus a defective 
recombinant adenovirus comprising: 

— inverse repeated sequences (ITRs) ; 

— a sequence enabling encapsidation (packaging sequence) ; and 

— a heterologous DNA sequence; 
and in which: 

— the El gene is non- functional; and 

— at least one of the genes E2, E4, and L1-L5 is non- 
functional. 

In the context of the invention, the term "defective 
adenovirus" is defined as an adenovirus which is incapable of 
replicating autonomously in the target cell. Generally, the 
genome of a "defective adenovirus" according to the invention has 
at least been deprived of certain sequences needed for 
replication of the virus in the infected cell. This is 
accomplished by removing these regions (wholly or in part) or 
replacing them with other sequences (particularly a heterologous 
DNA sequence, as mentioned) , or by rendering said regions 
ineffective. 

The inverse repeated sequences (ITRs) are responsible for 
replication of the adenovirus. They are located at the 3' and 5' 
ends of the viral genome (see Fig. 1), where they can be readily 
isolated using classical biology techniques well known to a 
person skilled in the art. The nucleotide sequences of the ITRs 



of some human adenoviruses, particularly the Ad2 and Ad5 
serotypes, are known and are described in the literature, as are 
the corresponding sequences of some canine adenoviruses, 
particularly CAVl and CAV2. 

-- Page 4 -- 

For an Ad5 adenovirus, for example, the left-hand ITR sequence 
corresponds to the region comprising the 1st to the 103rd 
nucleotides of the genome (positions 1-103). 

The packaging sequence (also called the Psi sequence) is 
needed for encapsidation of the viral DNA. Thus, this region 
must be present in order to enable preparation of the inventive 
defective recombinant adenoviruses. The packaging sequence is 
located in the genome of the adenovirus between the left ITR 
[lit., "TTR" — evident misspelling of "ITR"] (at the 5' end) and 
the El gene (see Fig. 1) . It may be isolated or may be 
artificially synthesized, using classical techniques of molecular 
biology. The sequences of nucleotides comprising the respective 
packaging sequences of some human adenoviruses, particularly the 
Ad2 and Ad5 serotypes, are known and are described in the 
literature, as are the corresponding sequences of some canine 
adenoviruses, particularly CAVl and CAV2 . For an Ad5 adenovirus, 
for example, the packaging sequence corresponds to the region 
comprising the 194th to the 358th nucleotide of the genome 
(positions 194 to 358) . 

There are various adenovirus serotypes, and these have 
different structures and properties. However, their genetic 



organization is comparable; and the features taught in the 
present Patent Application can be readily reproduced by one 
skilled in the art for any type of adenovirus. 

The adenoviruses according to the invention may be of human, 
animal, or mixed human and animal origin. 

Regarding adenoviruses of human origin, it is preferred to 
use classes in group C. Among the serotypes of human 
adenoviruses it is particularly preferred to use type 2 or 5 
adenoviruses (Ad2 or Ad5) . 

As mentioned above, the inventive adenoviruses may be of 
animal origin or may comprise sequences obtained from 
adenoviruses of animal origin. The present applicant has shown 
that adenoviruses of animal origin are well capable of infecting 
human cells but are incapable of propagating in the human cells 
in which they have been tested (see Fr. Pat. App. 93-05954). The 
applicant has also shown that adenoviruses of animal origin are 
not transcomplemented by adenoviruses of human origin; thus there 
is no risk of recombination and propagation in vivo in the 
presence of a human adenovirus, which can lead to formation of an 
infectious particle. The use of adenoviruses of animal origin, 
or regions of same, is 

-- Page 5 — 

thus particularly advantageous, because the risks inherent in 
using viruses as vectors in genetic therapy are thereby reduced. 

Adenoviruses of animal origin usable within the scope of the 
present invention may be of canine, bovine, or murine origin 
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(see, e.g., Mavl, Beard, et al., 75 Virology 81 (1990)); or of 
ovine, porcine, aviary, or even simian origin (e.g. SAV) . In 
particular, among the avian adenoviruses one might mention 
serotypes 1 to 10 available at ATCC (e.g. the following strains: 
VR-432 (Phelps), VR-280 (Fontes) , VR-827 (P7-A) , VR-828 

(IBH-2A), VR-829 (J2-A) , VR-830 (T8-A) , VR-921 (K-ll) , or the 
comparison strains ("souches references" ) VR-831 to VR-835) . 
Among the bovine adenoviruses, one might use various known 
serotypes, particularly serotypes 1 to 8 available at ATCC 

(VR-313, VR-314, VR-639 toVR-642, VR-768, and VR-769) . One 
might also mention: 

— murine adenoviruses ATCC VR-550 (FL) and VR-528 (E20308) ; 

— ovine adenoviruses ATCC VR-1343 (Type 5) and VR-1340 
(Type 6) ; 

— porcine adenovirus [ATCC-] 5359 

[Translator's note: lit., just "5359)" — evidently text has 

been deleted] ; or 

— simian adenoviruses, e.g. ATCC VR-591 to VR-594, VR-941 to 

VR-943, VR-195 to VR-203, etc. 

Preferably, among the adenoviruses of animal origin, within 
the scope of the invention one uses adenoviruses or regions of 
same which are of canine origin, particularly strains of CAV2 
adenoviruses (e.g. the Manhattan strain or the strain ATCC VR-800 
(A26/61)). The canine adenoviruses have been the subject of 
numerous studies of viral structure. Complete restriction maps 
of CAV1 and CAV2 adenoviruses have been described in the prior 



art (Spibey et al., 70 J. Gen. Virol. 165 (1989)), and the genes 
Ela and E3 and the ITR sequences have been cloned and sequenced 
(see esp. Spibey et al., 14 Virus Res. 241 (1989); and Linne, 
23 Virus Res. 119 (1992), PCT WO 91/11525). 

As indicated supra, the adenoviruses according to the 
invention have respective heterologous DNA sequences. The term 
"heterologous DNA sequence" indicates a DNA sequence introduced 
into the recombinant virus, wherewith the transfer into, or the 
expression in, the target cell has been studied. 

in particular, a heterologous DNA sequence may comprise one 
or more therapeutic genes and/or one of more coding genes for 
antigenic peptides. 
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The therapeutic genes which may be transferred thereby are 
genes of which the transcription and possible [sic] translation 
in the target cell produce (s) products having a therapeutic 
effect . 

In particular, therapeutic genes may code for proteinaceous 
products having a therapeutic effect. A proteinaceous product 
thus coded may be a protein, a peptide, an amino acid, etc., and 
may be "homologous" with respect to the target cell, which is to 
say that it may be a product which is normally expressed in the 
target cell in the absence of a pathology. E.g., the expression 
of a protein may enable remediation of 

— insufficient expression in the cell, or 

— expression of a protein which is inactive or only weakly 
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active, as a consequence of [an undesirable] modification, or 

— overexpression of a [lit., "the said"] protein. 

The therapeutic gene may code for a mutant of a cellular protein, 
having increased stability, modified activity, etc. The 
proteinaceous product may be heterologous with respect to the 
target cell. In such a case, e.g., a protein expressed may 
supply, enhance, or supplement an activity which is deficient in 
the cell, thereby enabling remediation of a pathology. 

Among the therapeutic products envisioned in the present 
invention, one might mention in particular: 
-- enzymes; 

— blood derivatives; 
-- hormones; 

— lymphokines, such as interleukins , interferons, TNF (tumor 
necrosis factor), etc. (Fr. Pat. App. 92-03120); 

-- growth factors; 

-- neurotransmitters, or neurotransmitter precursors, or 
enzymes for synthesizing any of same; 

— trophic factors, such as BDNF, CNTF, NGF, IGF, GMF, aFGF, 

bFGF, NT3, NT5, etc.; 

-- apolipoproteins, such as ApoAI, ApoAIV, ApoE, etc. (Fr. Pat. 

App. 93-05125); 

-- dystrophin, or a mini -dystrophin (Fr. Pat. App. 91-11947); 
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— tumor suppressing factors [lit., "genes"], such as p53, Rb, 
RapIA, DCC, k-rev, etc.; and 

-- factors [lit., "genes coding for factors"] involved in 
coagulation, such as factors VII, VIII, IX, etc. 

The therapeutic gene may also be an antisense gene or 
sequence, the expression of which in the target cell enables the 
control of expression of genes or the control of transcription of 
cellular mRNA [ (messenger RNA) ] transcription. For example, such 
a sequence may be transcribed in the target cell into RNA species 
which are complementary to cellular mRNA species and which block 
the translation of the latter into protein (s), according to the 
technique described in Eur. Pat. 140,308. 

As indicated supra, the heterologous DNA sequence may also 
comprise one or more genes which code for an antigenic peptide, 
capable of generating an antigenic response in a human. Such an 
embodiment of the invention enables production of vaccines for 
immunizing 

— Page 7 — 

humans, e.g. against microorganisms or [sic] viruses. The 
antigenic peptides may be antigenic peptides which are specific 
with respect to Epstein-Barr virus, HIV virus, hepatitis B virus 
(Eur. Pat. 185,573),. or pseudorabies virus; or specific with 
respect to tumors (Eur. Pat. 259,212). 

In general, the heterologous DNA sequence also comprises 
sequences which enable expression of a therapeutic gene and/or a 
gene which codes for an antigenic peptide in the infected cell. 
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Such sequences may be sequences which are naturally responsible 
for expression of said gene(s) when said sequences are capable of 
functioning in the infected cell. The enabling sequences may 
also be of different origin, e.g. they may be sequences 
responsible for expression of other proteins or of synthetic 
proteins. In particular/ the enabling sequences may be promotive 
sequences from genes of eukaryotes or viruses. They may be 
promotive sequences derived from the genome of the cell which is 
to be infected, or from the genome of a virus, which virus may be 
in particular the adenovirus employed. One might mention, e.g., 
the gene promoters ElA, MLP, CMV, RSV, etc. These sequences 
relating to expression may be modified by addition of sequences 
relating to activation, regulation, etc. If the gene inserted 
does not itself contain expressive sequences, it may be inserted 
in the genome of the defective virus such that it is governed by 
("downstream of") such an expressive sequence. 

The heterologous DNA sequence may also comprise a signal 
sequence affecting the passage of : the synthesized product into 
the secretion system ("paths") of the target cell; in particular, 
said signal sequence may be disposed such that it governs ("is 
upstream of") the therapeutic gene. The signal sequence may be 
the natural signal sequence of the therapeutic product or any 
other functional signal sequence, or even an artificial signal 
sequence . 

As indicated supra, the inventive vectors have at least one 
of their genes E2, E4, and L1-L5 non- functional . The viral 
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gene(s) in question can be rendered non- functional by any 
technique known to those skilled in the art; in particular, 
suppression, substitution, deletion, or addition, of one or more 
bases in the subject gene(s) . Such modifications may be produced 
in vitro (on isolated DNA) or in vivo (e.g. by means of genetic 
engineering techniques, or even by treating with mutagenic 
means) . 

Among the mutagenic means which might be mentioned are, 
e.g., physical interventions such as higher-energy radiation 
(X-ray, gamma ray, ultraviolet, etc.), or 

— Page 8 -- 

chemical agents capable of reacting with various functional 
groups on the DNA bases (e.g. alkylating agents such as ethyl 
methanesulfonate (EMS), N-methyl-N' -nitro-N-nitrosoguanidine, and 
N-nitroquinoline-l-oxide (NQO) ) , bialkylating agents, 
intercalating agents, etc. 

In the context of the invention, the term "deletion" means 
any suppression of the gene in question — suppression of all or 
part of the coding region of said gene, and/or suppression of all 
or part of the region promoting transcription of said gene. 
[ Translator 's note ; For the sake of brevity, hereinbelow, 
"deletion in" means deletion in or with respect to, as just 
defined supra; and 

"deletion of" means deletion of the entire gene, region, or 
sequence in question.] 

The suppression may be carried out by digestion by means of 
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suitable restriction enzymes, followed by ligation according to 
classical techniques of molecular biology, as illustrated in 

the Examples infra. 

The genetic modifications may also be produced by gene 
disruption, e.g. according to the protocol initially described by 
Rothstein (101 Meth.Enzymol 202 (1983)). In this method, all or 
part of the coding sequence is preferentially perturbed to enable 
replacement, by homologous recombination, of the genomic sequence 
by a non- functional or mutant sequence. 

The genetic modification (s) may be localized in the coding 
part of the gene in question, or outside this region, e.g. in 
regions responsible for the expression and/or transcriptional 
regulation of said gene(s). The non-functional character of said 
gene(s) may thus be manifested by: 

— production of a protein which is inactive by reason of 
structural or conformational modifications, 

-- non-production of a protein, 

-- production of a protein having an altered activity, or 

— production of the natural protein at an attenuated level or 
according to a desired mode of regulation. 

Certain alterations such as point mutations are by their 
nature capable of being corrected or attenuated by cellular 
mechanisms. Such genetic alterations are generally of less 
interest as to their practical applications. Rather, it is 
preferred that the non- functional character be entirely 
segregationally stable and/or irreversible. 
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Preferably, the gene is non- functional by reason of partial 
or total deletion [of said gene] . 

Preferably, the defective recombinant adenoviruses according 
to the invention have no late adenovirus genes. 

A particularly advantageous embodiment of the invention 
consists of a defective recombinant adenovirus comprising: 

-- Page 9 -- 

inverse repeated sequences (ITRs) ; 

— a sequence enabling encapsidation (packaging sequence) ; 
--a heterologous DNA sequence; and 

-- a region containing all or a part of the gene E2 . 
Another particularly advantageous embodiment of the 
invention consists of a defective recombinant adenovirus 

comprising: 

inverse repeated sequences (ITRs) ; 

— a sequence enabling encapsidation (packaging sequence) ; 
a heterologous DNA sequence; and 

— a region containing all or a part of the gene E4. 
According to a particularly advantageous embodiment, the 

inventive vectors have a functional gene E3 under the control of 
a heterologous promoter. Preferably, the vectors have a part of 
gene E3 which enables expression of the protein gpl9K. 

The defective recombinant adenoviruses according to the 
invention may be prepared by various methods. 

A first method consists of transfecting DNA of the 
recombinant virus prepared in vitro (either by ligation or in 
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plasmid form) into a competent cell line, i.e. a cell line 
durably having all of the functions needed for complementation of 
the defective virus. Preferably, these functions are integrated 
in the genome of the cell, which enables the risks of 
recombination to be avoided and provides an increased measure of 
stability to the cell line. The preparation of such cell lines 
is described in the Examples, infra. 

A second method consists of co-transf ecting 

— DNA of the recombinant virus prepared in vitro (either by 
ligation or in plasmid form) and 

— DNA of a helper virus, 

into a suitable cell line. With this method, it is unnecessary 
to have a competent cell line capable of complementing all of the 
defective functions of the recombinant adenovirus. Some of these 
functions are complemented by the helper virus. The helper virus 
should itself be defective; the cell line will bear in trans the 
functions needed for complementing the helper virus. Preparation 
of inventive defective recombinant adenoviruses according to this 
method is also illustrated in the Examples. 

— Page 10 -- 

Among the cell lines which may be used in connection with 
this second approach, one might mention in particular: the human 
embryonic kidney line 293, KB, HeLa, MDCK, GHK, etc. (see the 
Examples) . 

The vectors which have been multiplied are then recovered, 
purified, and amplified according to classical techniques of 
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molecular biology. 

To summarize: The invention also relates to cell lines 
infectable by adenoviruses, wherewith cells of said cell lines 
have, integrated into their genome, the functions needed for 
complementation of a defective recombinant adenovirus such as 
[the adenoviruses] described above. In particular, the invention 
relates to cell lines having integrated into their genome the 
regions El and E2 (particularly the region coding for the protein 
72K) and/or E4, and/or the gene for the receptor of 
glucocorticoids. Preferably said lines are derived from the line 
293 or the line gmDBP6. 

The present invention further relates to any pharmaceutical 
formulation comprising one or more defective recombinant 
adenoviruses such as [the adenoviruses] described above. 
Pharmaceutical formulations according to the invention may be 
formulated for administration topically, orally, parenterally, 
intranasally, intravenously, intramuscularly, subcutaneously, 
intraocular ly, transdermally, etc. 

Preferably, the pharmaceutical formulation comprises 
vehicles which are pharmaceutical^ acceptable for an injectable 
formulation. The formulation may in particular comprise a saline 
solution (monosodium phosphate, disodium phosphate, sodium 
chloride, potassium chloride, calcium chloride, magnesium 
chloride, etc.; or mixtures of these), a sterile solution, 
[and/or] an isotonic solution, and may further comprise dry 
components, particularly lyophilized components, which can be 
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formulated in injectable solutions by adding sterilized water or 
physiological serum, depending on the particular situation. 

The doses of virus used for injection may be adjusted based 
on various parameters, particularly: the mode of administration, 
the pathology in question, the gene to be expressed, and the 
duration of treatment anticipated. In general, the recombinant 
adenoviruses according to the invention are formulated and 
administered in the form of doses in the range 10 4 -10 14 pfu/mL, 
preferably 10 6_ 1Q 10 pfu/mL. The units of pfu (plaque- forming 
units) represent the infectiosity of a solution of the virus, 
determined by infection of an appropriate cellular culture, 
wherewith, generally after 5 da, a measurement (count or the 
like) of the number of plaques of 
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infected cells is made. The techniques for determining the pfu 
titre of a viral solution are well documented in the literature. 

Using various inserted DNA sequences, the inventive 
adenoviruses may be used for treatment or prevention of a large 
number of pathologies, such as genetic disorders (muscular 
dystrophy and other dystrophies, cystic fibrosis, etc.), 
neurodegenerative disorders (Alzheimer's disease, Parkinson's 
disease, ALS, etc.), pathologies connected with disorders of 
coagulation or dyslipoproteinemias, pathologies connected with 
viral infections (hepatitis, AIDS, etc.), etc. 

The invention will be described more thoroughly with the aid 
of the Examples hereinbelow; these should be regarded as 
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illustrative, not limiting the scope of the invention. 
Figures ; 

Fig. 1: Genetic organization (gene chart) of the 
adenovirus Ad5. The complete sequence of Ad5 is available on a 
database, enabling one skilled in the art to select or create any 
restriction site, and thus to isolate any region of the genome; 

Fig. 2: Restriction map of the adenovirus CAV2 , Manhattan 
strain (after Spibey et al., op. cit. [sic — see citation 
infra] ) ; 

Fig. 3: Construction of defective viruses according to the 

invention, by ligation; 

Fig. 4: Construction of a recombinant virus bearing the 

gene E4; 

Fig. 5: Construction of a recombinant virus bearing the 
gene E2; 

Fig. 6: Construction of, and diagram of, the plasmid pPY32; 
Fig. 7: Diagram of the plasmid pPY55; 
Fig. 8: Diagram of the plasmid p2; 

Fig. 9: Diagram of the intermediary plasmid used in 
producing the plasmid pITRL5-E4; 

Fig. 10: Diagram of the plasmid pITRL5-E4. 
General techniques of mol g<--»lar biology: 

The classical methods used in molecular biology, such as 
preparative extractions of plasmidic DNA, centrifugation of 
plasmidic DNA in a cesium chloride gradient, electrophoresis on 
agarose gels or acrylamide gels, purification of DNA fragments by 
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electro-elution, extraction of proteins with phenol or 
phenol -chloroform [mixtures] , precipitation of DNA in saline 
medium by 
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ethanol or isopropanol, transformation in Escherichia coli, etc., 
are well known to those skilled in the art and are abundantly 
described in the literature (see, e.g.: Maniatis, T., et al., 
"Molecular cloning, a laboratory manual", pub. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY (1982); and Ausubel, F.M., 
et al., eds., "Current protocols in molecular biology", pub. 
J. Wiley & Sons, NY (1987)). 

The plasmids of type pBR322 and pUC, and the phages of 
series M13, were obtained from commercial sources (Bethesda 
Research Laboratories) . 

For ligation, the DNA fragments may be separated by length 
by electrophoresis on agarose gels or acrylamide gels, followed 
by extraction with phenol or a phenol-chloroform mixture, 
precipitation with ethanol, and incubation in the presence of DNA 
ligase of the phage T4 (supplied by Biolabs) , according to the 
recommendations of the supplier. 

The projecting 5' ends may be completed by the Klenow 
fragment of DNA polymerase I of E. coli (supplied by Biolabs), 
according to the specifications of the supplier. Projecting 5' 
ends may be degraded using the nuclease Si; projecting 3' ends 
may be degraded in the presence of DNA polymerase of the phage T4 
(supplied by Biolabs) , used according to the recommendations of 
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the supplier. 

In vitro mutagenesis using synthetic oligodesoxynucleotides 
may be carried out according to the method developed by Taylor 
et al., 13 Nucleic Acids Res. 8749-8764 (1985), using the kit 
distributed by Amersham. 

Enzymatic amplification of DNA fragments by PCR 
(Saiki, R.K., et al., "Polymerase-catalyzed chain reaction", in 
230 Science 1350-1354 (1985); Mullis, K.B., and Faloona, F.A., 
155 Meth. Enzym. 335-350 (1987)) may be carried out using a 
so-called DNA thermal cycler (supplied by Perkin Elmer Cetus) , 
according to the specifications of the supplier. 

The verification of nucleotide sequences may be performed by 
the method developed by Sanger et al., 74 Proc .Nat .Acad. Sci .USA 
5463-5467 (1977), using the kit distributed by Amersham. 
Cell lines used : 

In the Examples hereinbelow, the following cell lines were 
used (or could optionally be used) : 

— Human embryonic renal cell line 293 (Graham et al . , 
36 J. Gen. Virol. 59 (1977)). This line notably contains, 
integrated into its genome, the left part of the genome of the 
human adenovirus AD5 (12%); 
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— Human cell line KB, from a human epidermal carcinoma 
(available from ATCC as CCL17) ; the conditions for culturing this 
line may be obtained from ATCC; 
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— Human cell line HeLa [lit., "Hela"], from a human epithelial 
carcinoma (available from ATCC as CCL2); the conditions for 
culturing this line may be obtained from ATCC; 

— Canine cell line MDCK; the conditions for culturing this 
cell line were described, in particular, in Macatney et al, 

44 Science 9 (1988) ; 

— Cell line gmDBP6 (Brough et al., 190 Virology 624 (1992)), 
comprised of HeLa cells bearing the E2 gene of [an] adenovirus 
under the control of the LTR [(long terminal repeat, here acting 
as a promoter)] of MMTV [(mouse mammary tumor virus)]. 
Examples ; 

Example 1 : 

This example demonstrates the feasibility of a creating a 
recombinant adenovirus lacking essential functions of viral 
genes. To accomplish this, a series of deletion mutants of the 
adenovirus was constructed by in vitro ligation, and each of 
these mutants was co-transf ected with a helper virus into KB 
cells. Since these cells do not allow the propagation of viruses 
having defective El, transcomplementation occurred with regard to 

the El region. 

The various deletion mutants were prepared from Ad5 
adenovirus by digestion followed by in vitro ligation. To 
accomplish this, the viral DNA of the Ad5 was isolated using the 
technique described by Lipp et al. (63 J.Virol. 5133 (1989)), and 
was subjected to digestion in the presence of various restriction 
enzymes (see Fig. 3), then the product of the digestion was 
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ligated in the presence of T4 DNA ligase. The sizes of the 
various deletion mutants were then determined on 0.8% SDS agarose 
gel [(agarose gel with 0.8% sodium n-dodecyl sulfate)]. These 
mutants were then mapped (see Fig. 3) . These various mutants 
comprise the following regions: 

mtl: Ligation between fragments 0-20642 (Saul) and (Saul) 33797- 
35935 of Ad5; 

mt2: Ligation between fragments 0-19549 (Ndel) and (Ndel) 31089- 
35935 of Ad5; 

mt3: Ligation between fragments 0-10754 (Aatll) and (Aatll) 25915- 
35935 of Ad5; 

mt4: Ligation between fragments 0-11311 (Mlul) and (Mlul) 24392- 
35935 of Ad5; 

mt5: Ligation between fragments 0-9462 (Sail) and (Xhol) 29791- 
35935 of Ad5; 

mt6: Ligation between fragments 0-5788 (Xhol) and (Xhol) 29791- 
35935 of Ad5; 

mt7: Ligation between fragments 0-3665 (SphI) and (SphI) 31224- 
35935 of Ad5; 
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Each of the mutants prepared above was co-transf ected with 
viral DNA of Ad.RSVfcGal (Stratford-Perricaudet et al., 
90 J.Clin. invest. 626 (1992)) into KB cells, in the presence of 
calcium phosphate. The cells were harvested 8 days after 
transfection, and the culture supernatants were harvested and 
then amplified on KB cells until stocks of 50 dishes were 
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obtained for each transf ection. The episomal DNA was isolated 
from each culture and separated using a cesium chloride gradient, 
in each case two distinct bands of virus were observed, removed, 
and analyzed. The heavier band corresponds to the viral DNA of 
Ad.RSVSGal, and the lighter band to the DNA of the recombinant 
virus generated by ligation (Fig. 3) . The titre obtained for the 
latter was approximately 10 8 pfu/mL. 

A second series of deletion mutants of the adenovirus was 
constructed by in vitro ligation using the same methodology. 
These various mutants comprised the following regions: 
mt8: Ligation between fragments 0-4623 (Apal) of Ad.RSVSGal and 

(Apal) 31909-35935 of Ad5; 
mt9: Ligation between fragments 0-10178 (Bglll) of Ad.RSVSGal and 
(BamHI) 21562-35935 of Ad5; 

These mutants, carrying the LacZ gene under the control of 
the LTR promoter of the RSV virus, were then co- trans fee ted into 
cells of the line 293 in the presence of the viral DNA of H2dl808 
(Weinberg et al . , 57 J.Virol. 833 (1986)) which DNA had deletion 
in the E4 region. According to this second technique, 
transcomplementation occurs with regard to E4 and not El. This 
technique thus allows the generation, as described above, of 
recombinant viruses possessing only the E4 region as a viral 
gene . 

Example 2 : 

This example describes the preparation of defective 
recombinant adenoviruses according to the invention by 
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co-transfection, with a helper virus, of the DNA of a 
recombinant virus incorporated into a plasmid. 

To accomplish this, a plasmid carrying the ligating ITRs of 
Ad5, the packaging sequence, the E4 gene under the control of its 
own promoter, and, as a heterologous gene, the LacZ gene under 
the control of the LTR promoter of the RSV virus (Rous sarcoma 
virus), was constructed (Fig. 4). This plasmid, designated 
P E4Gal, was obtained by cloning and ligation of the following 
fragments (see Fig. 4) : 
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.— Hindlll-SacII fragment from the pFG144 plasmid (Graham 
et al., 8 EMBO J. 2077 (1989)). This fragment carries the ITR 
sequences of Ad5 from cap to tail, and the packaging sequence; it 
consists of the fragment HindHI (34920) -SacII (352 ) ; 

— fragment of Ad5 between the SacII site (located at the 
level of base pair 3827) and the PstI site (located at the level 

of base pair 4245) ; 

— fragment of pSP 72 (supplied by Promega) between the 

PstI (bp 32) and Sail (bp 34) sites; 

— Xhol-Xbal fragment of the pAdLTR GallX plasmid described 
by Stratford-Perricaudet et al. (90 JCI 626 (1992)). This 
fragment bears the LacZ gene under the control of the LTR of the 
RSV virus; 

— Xbal (bp 40) - Ndel (bp 2379) fragment of the plasmid 
pSP 72; 

— Ndel (bp 31089) - HindHI (bp 34930) fragment of Ad5 . 
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This latter fragment, located in the right end of the Ad5 genome, 
contains the E4 region under the control of its own promoter. It 
was cloned at the level of the Ndel (2379) site of the plasmid 
pSP 72 and the Hindlll site of the first fragment. 

The subject plasmid was obtained by cloning the various 
fragments in the indicated regions of the plasmid pSP 72. It is 
understood that equivalent fragments can be obtained from other 
sources by a person skilled in the art. 

The pE4Gal plasmid was then co-transf ected with DNA of the 
virus H2dl808 into cells of [the line] 293 in the presence of 
calcium phosphate. The recombinant virus was then prepared as 
described in Example 1. This virus bears, as its only viral 
gene, the E4 gene of the Ad5 adenovirus (Fig. 4) . Its genome has 
a size of approximately 12 kb, which allows the insertion of 
heterologous DNA of very large size (up to 20 kb) . Thus, a 
person skilled in the art can easily replace the LacZ gene with 
any other therapeutic gene such as those mentioned above. Note 
that this virus has certain sequences from the plasmid pSP 72 
which sequences can be eliminated using ordinary molecular 
biology techniques if necessary. 
Example 3 : 

This example describes the preparation of another defective 
recombinant adenovirus according to the invention by 
co- trans feet ion, with a helper virus, of the DNA of the 
recombinant virus incorporated into a plasmid. 

' To accomplish this, a plasmid carrying the ligating ITRs of 
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Ad5, the packaging sequence, the E2 gene of Ad2 under the control 
of its (said gene's) own promoter, and, as 
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a heterologous gene, the LacZ gene under the control of the LTR 
promoter [sequence] of the RSV virus, was constructed (Fig. 5) . 
This plasmid, designated pE2Gal, was obtained by cloning and 
ligation of the following fragments (see Fig. 5) : 

— Hindlll-SacII fragment from the pFG144 plasmid (Graham 

et al., 8 EMBO J. 2077 (1989)). This fragment bears the Ad5 ITR 

sequences from cap to tail, and the packaging sequence; it 

consists of the fragment Hindlll (34920) - SacII(352). It was 

cloned, along with the following fragment, at the level of the 

Hindlll (16) - PstI (32) sites of the plasmid pSP 72; 

* 

— fragment of Ad5 between the SacII site (located at the 
level of base pair 3827) and the PstI site (located at the level 
of base pair 4245) . This fragment was cloned at the level of the 
SacII site of the preceding fragment and the PstI (32) site of the 
plasmid pSP 72; 

— fragment of pSP 72 (supplied by Promega). between the 
PstI (bp 32) and Sail (bp 34) sites; 

— Xhol-Xbal fragment of the pAdLTR Gal IX plasmid described 
by Stratford-Perricaudet et al. (90 JCI 626 (1992)). This 
fragment bears the LacZ gene under the control of the LTR 
[promoter sequence] of the RSV virus. It was cloned at the level 
of the Sail (34) and Xbal [(site base pair not stated)] sites of 
the plasmid pSP 72. 
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— fragment of pSP 72 (supplied by Promega) between the 
Xbal (bp 34) and BamHI (bp 46) sites; 

— BamHI (bp 21606) - Smal (bp 27339) fragment of the Ad2 . 
This fragment of the genome of the Ad2 [virus] contains the E2 
region under the control of its own promoter. It was cloned at 
the level of the BamHI (46) and EcoRV [(site base pair not 
stated)] sites of the plasmid pSP 72; 

-- EcoRV (bp 81) - Hindlll (bp 16) fragment of the plasmid 

pSP 72. 

This plasmid was obtained by cloning the various fragments 
in the indicated regions of the plasmid pSP 72. It is understood 
that equivalent fragments can be obtained from other sources by a 
person skilled in the art. 

The pE2Gal plasmid was then co-transf ected with DNA of the 
virus H2dl802 lacking the E2 region (Rice et al., 56 J.Virol. 767 
(1985)), into cells of line 293 in the presence of calcium 
phosphate. The recombinant virus was then prepared as described 
in Example 1. This virus bears, as its only viral gene, the E2 
gene of the Ad2 adenovirus (Fig. 5) . Its genome has a length of 
approximately 12 kb, which allows the insertion of heterologous 
DNA of substantial size (up to 20 kb) . Thus, a person skilled in 
the art can easily replace the LacZ gene with any other 
therapeutic gene such as those mentioned above. Note that this 
virus has certain sequences 
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from the intermediate plasmid which sequences can be eliminated 
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using ordinary molecular biology techniques if necessary. 
Example 4 : 

This example describes the construction of cell lines 
complementing for the El, E2, and/or E4 regions of adenoviruses. 
These lines permit the construction of recombinant adenoviruses 
according to the invention, with deletion in those regions, 
without the use of a helper virus. These viruses are obtained by 
recombination in vivo, and can include important heterologous 
sequences . 

In the cell lines described, the E2 and E4 regions, which 
are potentially cytotoxic, are placed under the control of an 
inducible promoter, consisting of 

— the LTR of MMTV (supplied by Pharmacia), which is induced by 
dexamethasone, [which LTR is] either native or in the minimal 
form described in 90 PNAS 5603 (1993); or 

— the system repressible by tetracycline described by Gossen 
and Bujard (89 PNAS 5547 (1992)). 

It is understood that other promoters can be used, and 
particularly variants of the MMTV LTR having, e.g., heterologous 
regulation regions (particularly an "enhancer" region) . The 
lines according to the invention were constructed by transfection 
of the corresponding cells, in the presence of calcium phosphate, 
by a fragment of DNA carrying the genes indicated (adenovirus 
gene regions and/or a glucocorticoid receptor gene region) under 
the control of a transcription promoter and a terminator 
(polyadenylation site) . The terminator can be either the natural 
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terminator of the transfected gene, or a different terminator 
such as for example the terminator of the SV40 virus early 
messenger. Advantageously, the DNA fragment also bears a gene 
permitting selection (isolation) of the transformed cells, for 
example the gene for resistance to geneticin. The resistance 
gene can also be carried by a different fragment of DNA, 
co-transfected with the first. 

After transfection, the transformed cells were selected and 
their DNA was analyzed to verify the integration of the DNA 
fragment into the genome. 

This technique allows one to obtain the following cell 

lines: 

1. Cells of the line 293 having the 72K gene from the E2 
region of Ad5, which gene is under the control of the MMTV LTR; 

2. Cells of 293 having the 72K gene from the E2 region of 
Ad5, under the control of the MMTV LTR, and further having the 
glucocorticoid receptor gene; 

3. Cells of 293 having the 72K gene from the E2 region of 
Ad5, under the control of the MMTV LTR, and further having the E4 
region [of Ad5] , under the control of the MMTV LTR; 
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4. Cells of 293 having the 72K gene from the E2 region of 
Ad5, under the control of the MMTV LTR, further having the E4 
region [of Ad5] , under the control of the MMTV LTR, and having 
the glucocorticoid receptor gene; 
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5. Cells of 293 having the E4 region [of Ad5] , under the 

control of the MMTV LTR; 

6. Cells of 293 having the E4 region [of Ad5] , under the 
control of the MMTV LTR, and having the glucocorticoid receptor 
gene ; 

7. Cells of the line gmDBP6, having the E1A and ElB 
regions [of Ad5] , under the control of their own promoter; 

8. Cells of gmDBP6 having the E1A and ElB regions [of 
Ad5] , under the control of their own promoter, and having the E4 
region [of Ad5] , under the control of the MMTV LTR. 

Example 5 : 

This example describes the preparation of defective 
recombinant adenoviruses according to the invention, with genomes 
having deletions in genes El, E3, and E4 . According to an 
advantageous embodiment, illustrated in this example and in 
Example 3, the genomes of recombinant adenoviruses according to 
the invention are modified in such a way that at least the El and 
E4 genes are non-f unctional . Such adenoviruses possess first of 
all an ability to incorporate important heterologous genes. 
Furthermore, these vectors offer increased safety because of the 
deletion in the E4 region, which region is involved in regulating 
the expression of late genes, stabilizing late nuclear RNAs, 
suppressing the expression of host cell proteins, and 
facilitating efficient replication of the viral DNA. These 
vectors therefore have greatly reduced natural variability 
("noise") in the transcription and expression of viral genes. 
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Finally, it is advantageous that these vectors can be produced at 
titres comparable to wild adenoviruses. 

The subject adenoviruses were prepared from the pPY55 
plasmid, carrying the modified right part of the Ad5 adenovirus 
genome, the preparation being either by co-transf ection with a 
helper plasmid (see also Examples 1, 2, and 3) or by means of a 
complementing line (Example 4) . 

5.1. Construction of the pPY55 plasmid : 

a) Construction of the PPY32 p lasmid: 
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The Avrll - Bell fragment of the pFG144 plasmid 
(Graham, F.L., et al., 8 EMBO J. 2077-2085 (1989)), corresponding 
to the right end of the Ad5 adenovirus genome, was first cloned 
between the Xbal and BamHI sites of the P IC19H vector, prepared 
from a dam- context [(shortened defective adenine methylase 
gene) ] . This generated the pPY23 plasmid. An interesting 
characteristic of the pPY23 plasmid is that the Sail site 
originating from the cloning multisite of the pIC19H vector 
remains unique and is located next to the right end of the Ad5 
adenovirus genome. The Haelll - Sail fragment of the pPY23 
plasmid which contains the right end of the Ad5 adenovirus 
genome, beginning at the Haelll site located at position 35614, 
was then cloned between the EcoRV and Xhol sites of the pIC20H 
vector, which generated the pPY29 plasmid. An interesting 
characteristic of this plasmid is that the Xbal and Clal sites 
originating from the cloning multisite of the pIC20H vector are 
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located next to the EcoRV/Haelll junction that results from the 
cloning. In addition, this junction modifies the nucleotide 
context immediately adjacent to the Clal site, which has now 
become methylatable in a dam+ context. The Xbal (30470) - Maell 
(32811) fragment of the Ad5 adenovirus genome was then cloned 
between the Xbal and Clal sites of the pPY29 plasmid prepared 
from a dam- context, which generated the pPY30 plasmid. Finally 
the SstI fragment of the pPY30 plasmid, which corresponds to the 
sequence of the Ad5 adenovirus genome from 

— the SstI site in position 30556 to 

— the right end, 

was cloned between the SstI sites of the pIC20H vector, which 
generated the pPY31 plasmid, for which a restriction map of the 
insert located between the Hindlll sites is given in Fig. 6. 

The pPY32 plasmid was obtained after partial digestion of 
the pPY31 plasmid by Bglll, followed by total digestion by BamHI, 
then re-ligation. The pPY32 plasmid thus corresponds to the 
deletion in the Ad5 adenovirus genome situated between the BamHI 
site of the pPY31 plasmid and the Bglll site located at position 
30818. A restriction map for the Hindlll fragment of the pPY32 
plasmid is given in Fig. 6. A characteristic of the pPY32 
plasmid is that it has unique Sail and Xbal sites, 
b ) Construction of the pP Y47 plasmid: 
The BamHI (21562) - Xbal (28592) fragment of the Ad5 
adenovirus genome was first cloned between the BamHI and Xbal 
sites of the pIC19H vector, prepared from a dam- context, which 
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generated the pPYl7 plasmid. This fragment therefore contained a 
Hindlll (26328) - Bglll (21833) fragment of the Ad5 adenovirus 
genome, which can be cloned between the Hindlll and Bglll sites 
of the pIC20R vector to generate the 
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pPY34 plasmid. A characteristic of this plasmid is that the 
BamHI site originating from the cloning multisite is located in 
the immediate proximity of the Hindlll (26328) site of the Ad5 

adenovirus genome. 

The BamHI (21562) - Hindlll (26328) fragment of the Ad5 
adenovirus genome from the P PY17 plasmid was then cloned between 
the BamHI and Hindlll sites of the pPY34 plasmid, which generated 
the pPY39 plasmid. The BamHI - Xbal fragment of the pPY39 
plasmid prepared from a dam- context, which contained the part of 
the Ad5 adenovirus genome between the BamHI (21562) and 
Bglll (28133) sites, was then cloned between the BamHI and Xbal 
sites of the pIC19H vector prepared from a dam- context. This 
generated the pPY47 plasmid, an interesting characteristic of 
which is that the Sail site originating from the cloning 
multisite is located near the Hindlll site (Fig. 7). 

c) Construction of the pPY55 plasmid 

The Sail - Xbal fragment of the pPY47 plasmid prepared from 
a dam- context, and which contains the part of the Ad5 adenovirus 
genome from the BamHI(21562) site to the BglII(28133) site, was 
cloned between the Sail and Xbal sites of the pPY32 plasmid, 
which generated the pPY55 plasmid. This plasmid can be used 
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directly to obtain recombinant adenoviruses with deletion in at 
least the E3 region (deletion between the Bglll sites located at 
positions 28133 and 30818 of the Ad5 adenovirus genome) and with 
deletion of the entire E4 region (deletion between the 
Maell (32811) and Haelll (35614) sites of the Ad5 adenovirus 

genome) (Fig. 7) . 

5.2. Preparation of adenoviruses with at l east one deletion 
in the E4 region, and preferably in at least the El and 
E4 regions ; 

a ) Preparation by co-transf ection with an E4 helper virus 

into cells of Tthe linel 293 : 
The principle employed is based on transcomplementation 
between a "mini -virus" (helper virus) expressing the E4 region 
and a recombinant virus with deletion in at least E3 and E4. 
These viruses are obtained either by in vitro ligation or after 
in vivo recombination, according to the following strategies: 

— Page 21 — 

(i) DNA of the Ad-dl324 virus (Thimmappaya et al., 

31 Cell 543 (1982)) and the pPY55 plasmid, both digested by 
BamHI, are first ligated in vitro, then co-transf ected with the 
pEAGal plasmid (described in Example 2) into cells of 293. 

(ii) DNA of the Ad-dl324 virus digested by EcoRI, and the 
pPY55 plasmid digested by BamHI, are co-transf ected, with the 
pE4Gal plasmid, into cells of 293. 
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(iii) DNA of the Ad5 adenovirus and the pPY55 plasmid, both 
digested by BamHI, are ligated and then are co-transf ected with 
the pE4Gal plasmid into cells of 293 . 

(iv) DNA of the Ad5 adenovirus digested by EcoRI and the 
pPY55 plasmid digested by BamHI are co-transf ected with the 
pEAGal [sic — evidently the plasmid pE4Gal] into cells of 293. 

Strategies (i) and (ii) allow the generation of a 
recombinant adenovirus with deletion in regions El, E3, and E4; 
strategies (iii) and (iv) allow the generation of a recombinant 
adenovirus with deletion in regions E3 and E4. Of course, the 
DNA of a recombinant virus with deletion in the El region but 
expressing some transgene can be used in place of the Ad-dl324 
viral DNA according to strategy (i) or (ii) , in order to generate 
a recombinant virus having deletion in regions El, E3, and E4 and 
expressing the said transgene. 

b) Preparation bv means of ce ll lines which 
t-.rans complement the El and E 4 functions: 

The principle here is based on the fact that a cell line 
derived from a line which expresses the El region, for example 
the 293 line, and which also expresses at least the 0RF6 and 
ORF6/7 open phases of the E4 region of the Ad5 adenovirus under 
the control of a promoter, e.g. an inducible promoter, is able to 
transcomplement both the El and E4 regions of the Ad5 adenovirus. 
Such cell lines were described in Example 4. 

A recombinant virus with deletion in regions El, E3, and E4 
can thus be obtained by in vitro ligation or by in vivo 
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recombination according to the protocols described above. 
Regardless of the protocol used to generate viruses with deletion 
in at least region E4, a cytopathic effect (indicating the 
production of recombinant viruses) was observed after 
transfection into the cells used. The cells were then harvested, 
disrupted by three cycles of freezing and thawing in their 
supernatant, then centrifuged at 4,000 RPM for 10 minutes. The 
supernatant obtained was then amplified on fresh cell culture 
(cells of 293 for the protocols 5.2(a) and cells of 293 
expressing the E4 region 

-- Page 22 — 

for the protocol 5 . 2 (b) ) . The viruses were then purified from 
plaques and their DNA was analyzed using the method of Hirt 
(cited supra [sic] ) . Stocks of the viruses were then prepared on 
a cesium chloride gradient. 
Example 6 ; 

This example describes the preparation of defective 
recombinant adenoviruses according to the invention, with genomes 
having deletions in the El, E3, L5, and E4 genes. These vectors 
are particularly advantageous since the L5 region codes for fibre 
(fibrous protein) , which is a protein that is extremely toxic to 
the cell. 

These adenoviruses were prepared from the p2 plasmid 
carrying the modified right part of the Ad5 adenovirus genome, by 
co-transf ection with various helper plasmids. They can also be 
prepared by means of a complementing line. 
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c 1 Construction of the p2 plasmid; 

This plasmid contains the entire right region of the Ad5 
adenovirus genome, beginning at the BamHI (21562) site, from which 
the fragment between the Xbal (28592) and Avrll (35463) sites, 
bearing the E3 , L5, and E4 genes, has been deleted. The p2 
plasmid is obtained by cloning and. ligation of the following 
fragments in the pIC19R plasmid linearized with BamHI and 
dephosphorylated (see Fig. 8) : 

— fragment of the Ad5 adenovirus genome between the 
BamHI (21562) and Xbal (28592) sites, and 

— right end of the Ad5 adenovirus genome (containing the 
right ITR) , from the Avrll (35463) site to the Bell (BamHI 

compatible) site. 

rv^ruction of * helper plasmid (pI TRT,S-F.4) carryinc 

the L5 gene : 

The pITRL5-E4 helper plasmid bears the E4 and L5 genes 
in trans . It corresponds to the pE4Gal plasmid described in 
Example 2, containing in addition the L5 region which codes for 
fibre, under the control of the Ad2 adenovirus promoter MLP. The 
PITRL5-E4 plasmid was constructed in the following manner 

(Figs. 9 and 10) : 

A 58 bp oligonucleotide was synthesized which contained, in 
the 5 '-3' direction: an HindHI site, the fibre ATG, and the 
fibre-coding sequence, extending to the Ndel site at position 
31089 of the Ad5 adenovirus genome. The sequence of this 
oligonucleotide is given below, in the 5 '-3' direction: 
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after in vivo recombination, according to the following 
strategies : 

(i) DNA of the Ad-dl324 virus ( Thimmappaya et al., 

31 Cell 543 (1982)), and the p2 plasmid, both digested by BamHI, 
were first ligated in vitro, then co-transf ected with the 
pITRL5-E4 helper plasmid (Example 6.2) into cells of 293. 

(ii) DNA of the Ad-dl324 virus digested by EcoRI, and the p2 
plasmid digested by BamHI, were co-transf ected, with the 
pITRL5-E4 plasmid, into cells of 293. 

(iii) DNA of the Ad5 adenovirus, and the p2 plasmid, both 
digested by BamHI, were ligated and then co-transf ected with the 
pITRL5-E4 plasmid into cells of 293. 

(iv) DNA of the Ad5 adenovirus, digested by EcoRI, and the 
p2 plasmid digested by BamHI, were co-transf ected with the 
pITRL5-E4 plasmid into cells of 293. 

— Page 24 — 
Strategies (i) and (ii) allow the generation of a 
recombinant adenovirus with deletion in regions El, E3, L5, and 
E4; strategies (iii) and (iv) allow the generation of a 
recombinant adenovirus with deletion in regions E3, L5, and E4 . 
Of course, DNA of a recombinant virus with deletion in the El 
region but expressing a transgene of some type can be used in 
place of the Ad-dl324 virus DNA according to strategies (i) and 
(ii) , in order to generate a recombinant virus with deletion in 
regions El, E3, L5, and E4 and expressing said transgene. 

The protocols described above can also be carried out with a 
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helper virus that bears only the L5 region, using a cell line 
capable of expressing the El and E4 regions of the adenovirus, 
described in Example 4. 

Furthermore, it is also possible to use a complementing li 
capable of expressing the El, E4, and L5 regions, which would 
obviate the use of a helper virus. 

After transfection, the viruses produced are recovered, 
amplified, and purified, under the conditions described in 
Example 5. 

## 

Figures : 

Figures are replacements, pursuant to PCT Rule 26. 

KEY to Fig. 6: (a) Partial digestion by Bglll; 
(b) Total digestion by BamHI; (c) Religation; 
(d) Deletion in (or of) E4. 

KEY to Fig 9: (a) Oligonucleotide containing ATG initiating 
sequence for fibre; (b) MLP promoter of Ad2 / tripartite 
leader; (c) Intermediary plasmid. 
[N.B.: Hind3 is the same as Hindlll (etc. etc.).] 

## 
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Claims ; 

1. A defective recombinant adenovirus, comprising: 
inverse repeated sequences (ITRs) ; 

--a sequence enabling encapsidation (packaging sequence) ; and 
--a heterologous DNA sequence; 
and in which: 

— the El gene is non- functional; and 
-- at least one of the genes E2, E4, and L1-L5 is 
non-functional . 

2. An adenovirus according to claim 1; characterized in that 
it is of human, animal, or mixed [human and animal] origin. 

3. An adenovirus according to claim 2; characterized in that 
the adenovirus of human origin is chosen from among classes in 
group C, preferably from the adenoviruses of type 2 or 5 

(Ad2 or Ad5) . 

4. An adenovirus according to claim 2; characterized in that 
the adenovirus of animal origin is chosen from among the 
adenoviruses of canine, bovine, murine, ovine, porcine, aviary, 
and simian origin. 

5. An adenovirus according to one of the preceding claims; 
characterized in that at least the genes El and E4 are 
non-f unctional . 

[ Translator's note : Here and hereinbelow, "one of the preceding 
claims" is understood to mean "one (or more) of the preceding 
claims" . ] 
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6. An adenovirus according to one of the preceding claims; 
characterized in that it lacks late genes. 

7. An adenovirus according to claim 1; characterized in that 
it is comprised of: 

— inverse repeated sequences (ITRs) ; 

— a sequence enabling encapsidation (packaging sequence) ; 

— a heterologous DNA sequence; and 

— a region containing all or a part of the gene E2 . 

8. An adenovirus according to claim 1; characterized in that 
it is comprised of: 

— inverse repeated sequences (ITRs); 

— a sequence enabling encapsidation (packaging sequence) ; 

— a heterologous DNA sequence; and 

— a region containing all or a part of the gene E4. 

— Page 26 — 

9. An adenovirus according to claim 1; characterized in that 
its genome has deletion (or other suppression) in, of, or with 
respect to the genes El, E3, and E4. 

r rr^nglgt-.or's note : See definition of "deletion" (which subsumes 
other suppression), Engl. p. 13, supra.] 

10. An adenovirus according to claim 1; characterized in that 
its genome has deletion (or other suppression) in, of, or with 
respect to the genes El, E3, L5, and E4. 

11. An adenovirus according to one of the preceding claims; 
characterized in that in addition it is comprised of a 
functional E3 gene under control of a heterologous promoter. 
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12. An adenovirus according to one of the preceding claims; 
characterized in that the heterologous DNA sequence is comprised 
of one or more therapeutic genes and/or one or more genes which 
code for antigenic peptides. 

13. An adenovirus according to claim 12; characterized in that 
the therapeutic gene is chosen from among the codons for 

— enzymes; 

— blood derivatives; 

— hormones; 

— lymphokines, such as interleukins , interferons, TNF (tumor 
necrosis factor) , etc.; 

— growth factors; 

— neurotransmitters, or neurotransmitter precursors, or 
enzymes for synthesizing any of same; 

— trophic factors, such as BDNF, CNTF, NGF, IGF, GMF, aFGF, 
bFGF , NT3 , NT5 , etc . ; 

— apolipoproteins, such as ApoAI, ApoAIV, ApoE, etc.; 

— dystrophin, or a mini -dystrophin; 

— tumor suppression; and 

— factors involved in coagulation, such as factors VII, VIII, 
IX, etc. 

[Go to next page.] 
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14. An adenovirus according to claim 12; characterized in that 
the therapeutic gene is a gene or an antisense sequence, the 
expression of which gene or sequence in the target cell enables 
control of the expression of genes or control of the 
transcription of cellular mRNA. 

15. An adenovirus according to claim 12; characterized in that 
the gene in question codes for an antigenic peptide capable of 
generating an immune response in a human, against microorganisms 
or viruses . 

16. An adenovirus according to claim 15; characterized in that 
the gene in question codes for an antigenic peptide specific with 
respect to Epstein-Barr virus, HIV virus, hepatitis B virus, or 
pseudorabies virus, or specific with respect to tumors. 

17. An adenovirus according to one of the preceding claims; 
characterized in that the heterologous DNA sequence also 
comprises sequences which enable 

— Page 27 — 

expression of the therapeutic gene and/or the gene which codes 
for the antigenic peptide, in the infected cell. 

18. An adenovirus according to one of the preceding claims; 
characterized in that the heterologous DNA sequence comprises a 
signal sequence which governs the passage of the synthesized 
product into the secretion system ("paths") of the target cell; 
in particular, said signal sequence may be disposed such that it 
is operative earlier than ("upstream of") the therapeutic gene. 
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19. A cell line subject to infection by an adenovirus, which 
cell line has integrated into its genome the functions needed for 
complementing a defective recombinant adenovirus . claimed 
according to one of claims 1 to 18. 

20. A cell line according to claim 19; characterized in that 
it comprises in its genome at least the genes El and E2 of an 
adenovirus . 

21. A cell line according to claim 20; characterized in that 
it further comprises the gene E4 of an adenovirus. 

22. A cell line according to claim 19; characterized in that 
it comprises in its genome at least the genes El and E4 of an 
adenovirus . 

23. A cell line according to claims 19 to 22; characterized in 
that it further comprises the gene of a receptor of 
glucocorticoids . 

24. A cell line according to claims 19 to 23; characterized in 
that the genes E2 and E4 are under the control of an inducible 
promoter . 

25. A cell line according to claim 24; characterized in that 
the inducible promoter is the promoter LTR of MMTV. 

26. A cell line according to claims 19 to 25; characterized in 
that the gene E2 codes for the protein 72 K. 

27. A cell line according to claims 19 to 26; characterized in 
that it is derived from the cell line 293. 
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28. A pharmaceutical composition comprised of at least one 
defective recombinant adenovirus according to one of 
claims 1 to 18. 

-- Page 28 -- 

29. A pharmaceutical composition according to claim 28; 
comprised of a recombinant adenovirus according to one of 
claims 5 to 10. 

30. A pharmaceutical composition according to claim 28 or 29; 
comprised of a vehicle which is pharmaceutical^ acceptable for 
an injectable formulation. 

#### 
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